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[0003] The present invention relates to a method and an apparatus 
for measuring a shape of a tubular member, such as a substrate of 
a photosensitive drum for use in copying machines, a method and an 
apparatus for inspecting such a tubular member, and a method and a 
system for manufacturing such a tubular member. 

Bac kgr o und Art 

[0004] In a tubular body to be used as a rotating member in various 
machines, it is sometimes required to measure the precision of the 
shape. For example, in a substrate of a photosensitive drum for use 
in electrophotographic systems such as copying machines, a tubular 
body after the tube manufacturing steps is subjected to a shape 
measuring to keep high precision of the shape. 

[0005] As a method for measuring the shape, there is a method shown 
in Figs. 56 and 57. In this method, in a state in which the external 
peripheral surface 12 of portions near both ends of the tubular body 
90 are supported by reference rollers 91, displacement measuring 
devices 92 are brought into contact with three positions on the 
longitudinal central portion of the external peripheral surface of 
the tubular body 90. Then, the tubular body 90 is rotated by rotating 
the reference rollers 91 to obtain the variation of the detected values 
of the displacement measuring devices 92. Using the detected values, 
the displacement at the longitudinal central portions of the external 
peripheral surface of the tubular body 90 is measured. Such obtained 
displacement reflects the deflection of the central external 
peripheral surface with respect to the external peripheral surfaces 
of the longitudinal end portions of the tubular body 90. 
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[0006] In cases where the tubular body 90 is rotatably supported 
at the inner peripheral surfaces of the end portions, the thickness 
distribution (unevenness of thickness) of the tubular body 90 affects 
the accuracy of rotation. Accordingly, in cases where high precision 
of shape is required, it can be considered that it is evaluated taking 
account of the degree of unevenness of thickness by measuring the 
maximum thickness and the minimum thickness of the tubular body 90. 
[0007] However, the method for measuring the shape of the tubular 
body using the deflection measurement of the external peripheral 
surface of the tubular body 90 shown in Figs . 56 and 57 and the thickness 
measurement using thickness measuring devices has the following 
problems . 

[0008] (1) Since the deflection measurement of the external 

peripheral surface and the thickness measurement are performed by 
using different measuring devices, device differences among the 
measuring devices , errors arose from the handling of measuring devices 
and dispersion of the measuring persons will accumulate, which makes 
it difficult to attain high accuracy of measurement. 
[0009] (2) Although the deflection of the external peripheral 
surface and the distribution of the thickness may sometimes be set 
off geometrically, both of them are measured separately. Therefore, 
the aforementioned circumstances cannot be considered. As a result, 
there is a possibility that excessive quality is requested. 
[0010] Japanese Unexamined Laid-open Patent Publication Nos . 

Hll-271008, S63- 131018, 2001-336920, H8-141643, Hll- 63955, H3- 
113114, 2000-292161 and H2-275305 for example, disclose various 
techniques for measuring a shape of a tubular body. However, these 
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publications fail to disclose techniques capable of measuring 
deflection of an external peripheral surface of a tubular body easily 
with high precision. 

[0011] Furthermore, it can be considered to employ a method for 
measuring a shape of a tubular body using a conventional circularity 
measuring device. In this case, however, it is required to repeatedly 
perform every tubular element such that the rotating axis of a 
measurement table on which the tubular body is disposed and the central 
axial position of the tubular body to be measured are aligned and 
that the rotating axis of the measurement table and the central axis 
of the tubular body are aligned in parallel, which takes a lot of 
time and trouble. 

DISCLOSURE OF THE INVENTION 
[0012] Under the aforementioned technical background, the present 
invention aims to provide a method, etc., for measuring a shape of 
a tubular body in a simple manner with high precision. 
[0013] A method for measuring a shape of a tubular body according 
to a first aspect of a preferable embodiment of the present invention, 
a method for measuring a shape of a tubular body, comprises: making 
a pair of reference portions and internal peripheral surfaces of 
vicinities of both end portions of the tubular body in contact with 
each other; rorating the tubular body such that contact portions where 
the tubular body and the pair of reference portions come in contact 
with each other shift on the internal peripheral surface in a 
circumferential direction of the tubular body with positions of the 
pair of reference portions fixed; and detecting radial displacement 
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of an external peripheral surface of the tubular body caused by a 
rotation of the tubular body at at least one position outside the 
tubular element, the at least one position being fixed relative to 
the circumferential direction of the tubular element. 
[0014] According to such a method for measuring a shape of a tubular 
body, the deflection of the external peripheral surface with respect 
to the internal peripheral surface as a benchmark can be measured. 
In other words, the influence of uneven thickness of the tubular body 
is reflected in the measured deflection of the external peripheral 
surface. Therefore, it becomes possible to perform a measurement of 
a tubular body whose internal peripheral surface is to be rotatably 
supported in the actual use in a condition similar to the actual use 
condition. Furthermore, since the deflection of the external 
peripheral surface to be measured reflects the influence of uneven 
thickness, it is possible to prevent the accumulation of device 
differences and/or a request of excessive quality which may occur 
in the case of separately measuring the thickness of the tubular body. 
Furthermore, since the deflection of the external peripheral surface 
to be measured reflectes the influence of uneven thickness, the time 
required to conduct the measurement can be shortened. Furthermore, 
since the measurement can be performed by simply measuring the 
external peripheral surface side in a state in which a benchmark is 
in contact with the internal peripheral surface side, the structure 
can be simplified, the accumulation of measurement errors can be 
decreased as small as possible, and the shape measurement can be 
attained with high precision. Furthermore, since it only requires 
to bring the reference portions into contact with the internal 
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peripheral surface side, the method can be preferably applied to a 
shape measurement of a tubular body with a smaller inner diameter. 
In the meantime, it is required to fix the position of the reference 
portions only when the tubular body is rotated for the purpose of 
detecting the displacement of the external peripheral surface of the 
tubular body. Therefore, for example, the position can be moved when 
the tubular body is set to a shape measuring apparatus. Furthermore, 
although it is required to fix the positions of the reference portions , 
the reference portions can be changed in posture. For example, the 
reference portion itself can be rotated at its fixed position. 
[0015] An apparatus for measuring a shape of a tubular body 

according to another aspect of a preferable embodiment of the present 
invention, comprises: a pair of reference portions in contact with 
an internal peripheral surface of vicinities of both end portions 
of the tubular body disposed horizontally or near horizontally; a 
pedestal portion that supports the tubular body, wherein the pedestal 
portion is in contact with an external peripheral surface of the 
tubular body from a lower side of the tubular body so that a height 
of the internal peripheral surface of the tubular body is positioned 
at the same height or almost at the same height of the pair of reference 
portions; a pressing portion that presses the external peripheral 
surface of the tubular body so as to press the tubular body against 
the reference portion, the pressing portion being provided at an 
outside of the tubular body; and a displacement detecting device that 
detects radial displacement of an external peripheral surface of the 
tubular body caused by a rotation of the tubular body when the tubular 
body rotates in a state in which the tubular body is in contact with 
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the pair of reference portions at a position facing off against a 
hypothetical straight line passing two contact portions where the 
internal peripheral surface of the tubular body and the pair of 
reference portions contact from an outside of the tubular body. 
[0016] According to such a method for measuring a shape of a tubular 
body, the deflection of the external peripheral surface with respect 
to the internal peripheral surface as a benchmark can be measured . 
In other words , deflection of the external peripheral surface in which 
the influence of uneven thickness of the tubular body is reflected 
can be measured. Therefore, it becomes possible to perform a 
measurement of a tubular body whose internal peripheral surface is 
to be rotatably supported in a condition similar to the actual use 
condition. Furthermore, since the deflection of the external 
peripheral surface to be measured reflects the influence of uneven 
thickness, it is possible to prevent the accumulation of device 
differences and/or a request of excessive quality which may occur 
in the case of separately measuring the thickness of the tubular body. 
Furthermore, since the deflection of the external peripheral surface 
to be measured reflects the influence of uneven thickness, the time 
required to conduct the measurement can be shortened. Furthermore, 
since the measurement can be performed by simply measuring the radial 
displacement of the external peripheral surface of the tubular body 
in a state in which the pair of reference portions is in contact with 
the internal peripheral surface of the tubular element, the structure 
can be simplified, the accumulation of measurement errors can be 
decreased as small as possible, and the shape measurement can be 
attained with high precision. Furthermore, since the radial 
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displacement of the external peripheral surface of the tubular element 
is measured at a position facing off against a hypothetical straight 
line passing two contact portions where the internal peripheral 
surface of the tubular body and the pair of reference portions contact 
from an outside of the tubular body, a stable shape measurement can 
be performed even in cases where the rotational center position of 
the tubular body is shifted. This enables to obtain high reliable 
measured result because the position facing off against the 
hypothetical straight line from the outside of the tubular body is 
the least position where the radial displacement of the external 
peripheral surface of the tubular body receives the influence of the 
shift of the rotational central position of the tubular body. 
Furthermore, since the tubular body is pressed against the pair of 
reference portions from the outside by the pressing portion, the 
tubular body can assuredly come into contact with the pair of reference 
portion when the tubular body rotates . This enables accurate shape 
measurement. Furthermore, since the tubular body is supported from 
the lower side thereof by the pedestal portion and that the reference 
positions for shape measurement by the pair of reference portions 
and the detecting position by the displacement detecting device are 
arranged at the side of the tubular body, by rotating the tubular 
body in a state in which the internal peripheral surface is in contact 
with the pair of reference portions, even in cases where the height 
position of the rotational center of the tubular body moves upward 
or downward, shape measurement can be performed stably without being 
affected by the influence, resulting in a measured result with high 
reliability because of the following reasons. The up-and-down 
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direction that the tubular body is supported by the pedestal portion 
and the direction (horizontal direction) that the pair of reference 
portions contact and displacement is detected by the displacement 
detecting device are approximately orthogonal oriented directions. 
Furthermore, since the tubular body is supported from the lower side 
thereof by the pedestal portion, a structure in which a free space 
is formed above the tubular body can be employed. By employing this 
structure, the tubular element can be easily set to the shape measuring 
apparatus from the above or taken out therefrom. Furthermore, by 
employing the structure in which a free space is formed above the 
tubular body, a worker can manually rotate the tubular body with 
his/her hand from the above. Furthermore, since it is enough that 
the reference portions can be brought into contact with the internal 
peripheral surface side of the tubular body, it is possible to 
preferably employ this apparatus to shape measurement of a tubular 
body with smaller inner diameter. 

[0017] An apparatus for measuring a shape of a tubular body 

according to still another aspect of a preferable embodiment of the 
present invention, comprises: a pair of reference portions which come 
into contact with internal peripheral lower surfaces of vicinities 
of both end portions of a tubular body disposed horizontally or nearly 
horizontally; four supporting rollers which come into contact with 
external peripheral lower surfaces of the tubular body to support 
the tubular body and press the tubular body against the pair of 
reference portions, wherein two of the four supporting rollers are 
disposed at one of end portions of the tubular body and the other 
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two of the four supporting rollers are disposed at the other side 
portion of the tubular body; and a displacement detecting device that 
detects radial displacement of an external peripheral surface of the 
tubular body caused by a rotation of the tubular body when the tubular 
body rotates in a state in which the tubular body is in contact with 
the pair of reference portions at a position facing off against a 
straight line passing two contact portions where the internal 
peripheral surface of the tubular body and the pair of reference 
portions contact from an outside of the tubular body. 
[0018] According to such an apparatus for measuring a shape of a 
tubular body, the deflection of the external peripheral surface with 
respect to the internal peripheral surface as a benchmark, i.e. , the 
deflection of the external peripheral surface to which the influence 
of uneven thickness of the tubular body is reflected, can be measured. 
Therefore, it becomes possible to perform. measurement of a tubular 
body whose internal peripheral surface is to be rotatably supported 
in the actual use in a condition similar to the actual use condition. 
Furthermore, since the deflection of the external peripheral surface 
to be measured is reflected by the influence of uneven thickness, 
it is possible to prevent the accumulation of device differences 
and/or a request of excessive quality which may occur in the case 
of separately measuring the thickness of the tubular body. 
Furthermore, since the deflection of the external peripheral surface 
to be measured reflects the influence of uneven thickness, the time 
required to conduct the measurement can be shortened. Furthermore, 
since the apparatus has a simple structure in which the radial 
displacement of the external peripheral surface of the tubular body 
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is measured in a state in which the pair of reference portions is 
in contact with the internal peripheral surface of the tubular element , 
the accumulation of measurement errors can be decreased as small as 
possible, and the shape measurement can be attained with high 
precision. Furthermore, since it only requires to bring the 
reference portions into contact with the internal peripheral surface 
side, the apparatus can be preferably applied to shape measurement 
of a tubular body with a smaller inner diameter. Furthermore, since 
the weight of the tubular body is supported from the lower side thereof 
by the supporting rollers, the contact pressure between the tubular 
body and the pair of contacting portions can be controlled 
appropriately irrespective of the weight of the tubular body, which 
enables high reliable shape measurement. Furthermore, since two 
supporting rollers are disposed at both sides of the tubular body, 
respectively, the axial position of the tubular body and the attitude 
of the tubular body can be stabilized, resulting in a stable rotational 
movement of the tubular body. As a result, high accuracy of 
measurement can be attained. Furthermore, since the supporting 
rollers carry out a function of supporting the weight of the tubular 
body and a function of positioning the axis of the tubular body, the 
number of members that contact the tubular body can be decreased. 
This eliminates factors of errors, contributing to accurate shape 
measurement , which enables to obtain high reliability of shape 
measurement and decrease the possibility of damages to the tubular 
body. 

[0019] An apparatus for measuring a shape of a tubular body 
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according to still another aspect of a preferable embodiment of the 
present invention, comprises: temporarily correcting cross- 
sectional shapes of both end portions of the tubular body by bringing 
plural correcting rollers into contact with both end portions of the 
tubular body; rotating the tubular body in a state in which the 
cross -sectional shapes of the both end portions are temporarily being 
corrected; and detecting radial displacement of an external 
peripheral surface of the tubular body caused by a rotation of the 
tubular body. 

[0020] According to such a method for measuring a shape of a tubular 
body, the radial displacement of the external peripheral surface can 
be detected, not in a state in which the tubular body is in an untouched 
state, but in a state in which both of the side end portions are 
temporality corrected by the correcting rollers. Therefore, the 
shape of the tubular body can be measured under the condition similar 
to the actual use condition in which the cross -sectional shape of 
both of the side end portions are deformed into an appropriate shape. 
Accordingly, the shape of the tubular body in actual use can be 
measured with a high degree of accuracy, which in turn can prevent 
a request of excessive quality to secure necessary shape accuracy 
which is demonstrated in actual use. 

[0021] A method for measuring a shape of a tubular body according 
to still another aspect of a preferable embodiment of the present 
invention, comprises: plastically deforming both end portions of the 
tubular body to correct a cross -sectional shape of both end portions 
by rotating the tubular body while pressing both end portions with 
a plurality of correcting rollers; and decreasing pressing force of 
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the correcting rollers against the end portions of the tubular body 
and then continuously rotating the tubular body while bringing at 
least a part of the correcting rollers into contact with the tubular 
body to detect radial displacement of an external peripheral surface 
of the tubular body caused by a rotation of the tubular body, thereby 
performing a measurement of the shape of the tubular body. 
[0022] According to such a method for measuring a shape of a tubular 
body, the radial displacement of the external peripheral surface can 
be detected, not in a state in which the tubular body is in an untouched 
state, but in a state in which both of the side end portions are 
temporality corrected by the correcting rollers. Therefore, the 
shape of the tubular body can be measured under the condition similar 
to the actual use condition in which the cross -sectional shape of 
both of the side end portions are deformed into an appropriate shape. 
Accordingly, the shape of the tubular body in actual use can be 
measured with a high degree of accuracy, which in turn can prevent 
a request of excessive quality to secure necessary shape accuracy 
which is demonstrated in actual use. Furthermore, the correcting 
rollers for correcting both of the side end portions of the tubular 
body serves as supporting rollers for maintaining the posture of the 
tubular body by supporting the tubular body at the time of measuring 
the shape of the tubular body. Therefore, by setting the tubular body 
to a shape measuring position where the tubular body comes into contact 
with the correcting rollers , the end portion correction and the shape 
measurement can be performed continuously, resulting in excellent 
operation efficiency. Furthermore, since the number of contacts 
caused between the tubular body and the rollers supporting the tubular 
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body can be decreased, the possibility of damages caused by the 
contacts of the tubular body against the rollers or the like can be 
decreased. Furthermore, since the tubular body whose shape was 
measured as explained above has already been corrected in cross- 
sectional shape of the end portions, an operation of press fitting 
of a flange or the like ca be performed easily and assuredly. Thus, 
it becomes possible to prevent generation of defective products caused 
by pressing a flange or the like into an uncorrected non-circular 
end portion in a slanted manner. 

[0023] A method for measuring a shape of a tubular body according 
to still another aspect of a preferable embodiment of the present 
invention, comprises: inserting a pair of expandable clamps into the 
inside of vicinities of both end portions of the tubular body; 
expanding the pair of expandable clamps to thereby bring the pair 
of expanded clamps into contact with internal peripheral surfaces 
of the tubular body along entire circumference thereof; rotating the 
tubular body together with the expandable clamps about a central axis 
of the pair of expandable clamps as a rotation axis; and detecting 
radial displacement of an external peripheral surface of the tubular 
body caused by a rotation of the tubular body at at least one position 
positioned outside the tubular body and fixed with respect to a 
circumferential direction of the tubular body. 

[ 0024 ] According to such a method for measuring a shape of a tubular 
body, the central axis position of the pair of expandable clamps is 
located almost at the center of a circle formed by the internal 
peripheral surface of the tubular body. By rotating the tubular body 
about the central axis of the pair of expandable clamps , it becomes 
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possible to realize a rotating status extremely similar to a rotating 
status of the tubular body in actual use which is rotated with the 
internal peripheral surface supported. Therefore, the action of the 
tubular body detected when rotating is almost equivalent to the action 
of the tubular body in actual use. Concretely, the detected radial 
displacement of the external peripheral surface corresponds to the 
deflection generated in actual use. In detail, the radial 
displacement of the external peripheral surface to be detected 
corresponds to the deflection of the external peripheral surface with 
respect to the near central of a circle formed by the internal 
peripheral surface at the vicinity of both end portions of the tubular 
body. Therefore the radial displacement reflects all influences such 
as the curvature, the uneven thickness, the cross -sectional shape 
(circularity), etc. of the tubular body. Furthermore, since the 
deflection of the external peripheral surface to be measured reflects 
the influence of uneven thickness, it is possible to prevent the 
accumulation of device differences and/or a request of excessive 
quality which may occur in the case of separately measuring the 
thickness of the tubular body. Furthermore, since the deflection of 
the external peripheral surface to be measured reflects the influence 
of uneven thickness, the time required to conduct the measurement 
can be shortened. Furthermore, since the pair of expandable clamps 
contact the internal peripheral surf ace of the tubular body along 
the entire circumference thereof, the central axis of the pair of 
expandable clamps can be assuredly positioned at the center of a circle 
formed by the internal peripheral surface of the tubular body, which 
can realize a status similar to a rotating status in actual use. 
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Furthermore, since the pair of expandable clamps contact the internal 
peripheral surface of the tubular body along the entire circumference 
thereof, even if the expandable clamps make contact with the tubular 
body with larger pressing force, the pressing force can be distributed 
in the circumferential direction almost evenly, contributing to 
accurate shape measurement. Furthermore, it is only requested to 
insert the pair of expandable clamps inside the tubular body, expand 
them therein and then rotate the tubular body together with the 
expandable clamps to detect the displacement of the external 
peripheral surface. Therefore it is possible to perform the 
measurement with a simple structure and obtain high accuracy of shape 
measurement by decreasing the accumulation of measurement errors as 
small as possible. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] Fig. 1 is a front cross -sectional view showing the principle 
of the method for measuring a shape of a tubular body according to 
the present invention. 

[0026] Fig. 2 is a side cross-sectional view showing the same. 
[0027] Fig. 3 is a perspective view showing the same. 
[0028] Fig. 4 is an explanatory perspective view showing the use 
status of the tubular body (work) as an object to be measured. 
[0029] Fig. 5 is an explanatory view of a detecting position for 
displacement in a method for measuring a shape of a tubular body 
according to the present invention. 

[0030] Fig. 6A is a perspective view of a curved tube 101 which 
is a defective example of a tubular body. 
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[0031] Fig. 6B is a cross-sectional view of an axial central 

portion of the curved tube 101. 

[0032] Fig, 7A is a perspective view of a tube 102 with uneven 
thickness which is a defective example of a tubular body. 
[0033] Fig. 7B is a cross-sectional view of the tube 102. 
[0034] Fig. 8A is a perspective view of a flat tube as a defective 
example of a tubular body which is not perfect circle in cross - section , 
but flat in cross-section. 

[0035] Fig. 8B is a cross-sectional view of the flat tube 103. 
[0036] Fig. 8C is a cross- sectional explanatory view showing the 
status of the uneven thickness tube 103 which is being rotated in 
a state in which a pair of reference portions 20 and 20 are in contact 
with the internal peripheral surface of the tubular body (flat tube) 
103. 

[0037] Fig. 9 is graphs showing examples of results of displacement 
of the external peripheral surface of the tubular body (work) 10 to 
be measured detected while rotating the tubular body (work) . 
[0038] Fig. 9A is an example in which there is no change in detected 
displacement . 

[0039] Fig. 9B is an example in which deflection with a 360- 

degree-cycle is detected. 

[0040] Fig. 9C is an example in which deflection with a 180- 
degree-cycle is detected. 

[0041] Fig. 10 is a front cross-sectional view showing the 

principle of an advanced method for measuring a shape of a tubular 
body according to the present invention. 

[0042] Fig. 11 is a side cross -sectional view of the tube. 
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[0043] Fig. 12 is a plan cross -sectional view of this manual type 
shape measuring apparatus 4 . 

[0044] Fig. 13 is a front cross-sectional view of this apparatus 
4. 

[0045] Fig. 14 is a side cross-sectional view of this apparatus 
4. 

[0046] Fig. 15 is a schematic perspective view of this apparatus 
4. 

[0047] Fig. 16 is an explanatory view of the setting procedures 
of a tubular body (work) in the apparatus 4. 

[0048] Fig. 16A is a perspective view showing the state in which 
one end of the tubular body 10 is inserted with respect to one of 
the reference portions 42. 

[0049] Fig. 16B is a perspective view showing the state in which 
the other end of the tubular body 10 is descended so that a pair of 
reference portions 42 and 42 are positioned inside the tubular body 
10. 

[0050] Fig. 16C is a perspective view showing the state in which 
the tubular body 10 is horizontally slid so that the other reference 
portion 42 is inserted into the other end portion of the tubular body 
10. 

[0051] Fig. 17 is an entire schematic perspective view of an 
automatic type shape measuring apparatus 5. 

[0052] Fig. 18 is a front cross -sectional explanatory view of the 
principal portion of the apparatus 5. 

[0053] Fig. 19 is a front cross-sectional explanatory view of the 
principal portion of the apparatus 5. 
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[0054] Fig. 20 is a side cross-sectional view of the principal 
portion of the apparatus 5. 

[0055] Fig. 21 is a front cross -sectional view showing a supporting 
form of a reference roller. 

[0056] Fig. 22 is a plan explanatory view of a tubular body 

transferring apparatus . 

[0057] Fig. 23 is a side explanatory view of the tubular body 
transferring apparatus . 

[0058] Fig. 24 is a graph showing the data spread (measurement 
errors) of each measured result in the case in which shape measurement 
is performed with respect to a plurality of tubular bodies having 
various displacements ten times, respectively. 

[0059] Fig. 25 is a front cross-sectional view showing a supporting 
form of a reference roller according to the third embodiment. 
[0060] Fig. 26 is an enlarged perspective view of the supporting 
structure of the tubular body 10 in the third embodiment. 
[0061] Fig. 27 is a front cross-sectional view showing a support 
form of a reference roller. 

[0062] Fig. 28 is a side view showing the supporting form of 

supporting rollers . 

[ 0063 ] Fig . 29 is a side view showing a supporting form of supporting 
rollers according to a fourth embodiment. 

[ 0064 ] Fig . 30 is a side view showing a supporting form of supporting 
rollers according to a seventh embodiment. 

[0065] Fig. 31 is a front cross -sectional view showing a supporting 

form of a tubular body according to an eighth embodiment . 

[0066] Fig. 32 is a concept view for explaining a method for 
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measuring a shape of tubular body according to a ninth embodiment . 
[0067] Fig. 33 is a side view thereof. 

[0068] Fig. 3 4 is an explanatory view showing a tubular body 104 
in which a central portion 104b has an appropriate perfect circular 
cross-sectional shape but both end portions 104a and 104a have a flat 
cross-sectional shape respectively. 

[0069] Fig. 35A is an explanatory view showing a tubular body 105 
in which the cross -sectional shape is constant along the entire length 
but not perfect circular. 

[0070] Fig. 35B is an explanatory view showing the tubular body 
105 in actual use in which flanges 80 and 80 are inserted into both 
end portions 105a and 105a of the tubular body 105. 
[0071] Fig. 36 is an enlarged perspective view of a tubular body 
supporting structure in which the ninth embodiment is constituted 
by approximately the same mechanical structure as the second 
embodiment or the like. 

[0072] Fig. 37 is a front cross-sectional view showing a modified 
embodiment using outer correcting rollers each having a smaller 
diameter portion 652 forming a gap 6 53 at the widthwise central portion 
of the external peripheral surface 651. 

[0073] Fig. 38 is a modified embodiment of correcting roller 

arrangement including one inner correcting roller 911, two outer 
correcting rollers 912 and 913 disposed at the lower side of the 
tubular body 10 and an outer correcting roller 914 disposed at the 
upper side of the tubular body 10. 

[0074] Fig. 39 is a modified embodiment of correcting roller 

arrangement in which all of the correcting rollers are inner 
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correcting rollers 920. 

[0075] Fig. 40 is a modified embodiment of correcting roller 

arrangement in which all of the correcting rollers are outer 
correcting rollers 930. 

[0076] Fig. 41 a modified embodiment of correcting roller 

arrangement in which an inner correcting roller 941 and an outer 
correcting roller 942 are disposed at the same circumferential 
position to hold the tubular body 10 by pinching it from the inside 
and the outside, and correction is performed by a correcting roller 
943 disposed at a position different from the aforementioned 
circumferential position . 

[0077] Fig. 42 a modified embodiment of correcting roller 

arrangement in which a plurality sets each consisting of an inner 
correcting roller 951 and an outer correcting roller 952 are disposed 
to hold the tubular body 10 by pinching it from the inside and the 
outside at different circumferential positions. 

[0078] Fig. 43 a modified embodiment of correcting roller 

arrangement in which a number of correcting rollers 96 in contact 
with the external peripheral surface of the tubular body 10 are used 
to correct the tubular body. 

[0079] Fig. 44A is a side view for explaining the status in which 
both side end portions of a tubular body are being corrected by the 
method for measuring a shape of a tubular body according to the tenth 
embodiment . 

[0080] Fig. 44B is a side view for explaining the status in which 

the shape of a tubular body is being measured similarly. 

[0081] Fig. 45 is an enlarge perspective view of a supporting 
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structure of a tubular body in the case in which the tenth embodiment 
is constituted by a mechanical structure almost similar to that of 
the second embodiment . 

[0082] Fig. 46 is a flowchart for explaining the entire flow of 
the shape measurement in the tenth embodiment . 

[0083] Fig. 47 is a front cross-sectional view showing an apparatus 
for measuring a shape of a tubular body for a method for measuring 
a shape of a tubular body according to the present invention. 
[0084] Fig. 48 is a cross -sectional view showing an expandable 
clamp 20. 

[0085] Fig. 4 9 is an explanatory view for the operation. 
[0086] Fig. 50 is a front cross-sectional view showing the use 
status of a tubular body (work) 10 to be measured in shape. 
[0087] Fig. 51 is an explanatory view for explaining a tubular body 
106 in which only both end portions 106a and 106a have a flat 
cross -sectional shape respectively but the central portion 106b has 
an appropriate perfect circular cross-sectional shape. 
[0088] Fig. 52 is an example of a tubular body 107 which is uneven 
in material distribution along the circumferential direction. 
[0089] Fig. 52A is a cross - sectional view showing the state before 
pressing a flange in this tubular body 107. 

[0090] Fig. 52B is a cross-sectional view showing the state after 
pressing a flange in this tubular body 107. 

[0091] Fig. 53 is a front cross-sectional view showing a modified 
embodiment in which displacement detecting devices 30* *are arranged 
so as to detect the displacement of the external peripheral surface 
at arbitrary cross -sectional positions (axial positions) at two 
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positions 31"*, 32** # 33* - , 34-" different in the circumferential 
position by the half circumferential length. 

[0092] Fig. 54 is a function block diagram showing the structure 
of the detection device 71. 

[0093] Fig. 55 a function block diagram showing the structure of 
the manufacturing system 72. 

[0094] Fig. 56 is an explanatory view showing the principle of a 
conventional method for measuring a shape of a tubular body. 
[0095] Fig. 57 is an explanatory view showing the principle of a 
conventional method for measuring a shape of a tubular body. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[PRINCIPAL OF MEASUREMENT] 

[0096] Although various embodiments of a method and an apparatus 
for measuring a shape of a tubular body according to the present 
invention will be explained as follows, first, the principal of the 
measurement will be explained with reference to schematic drawings. 
[0097] Fig. 1 is a front cross -sectional view showing the principle 
of a method for measuring a shape of a tubular body according to the 
present invention. Fig. 2 is a side cross-sectional view threreof . 
Fig. 3 is a perspective view thereof. Fig. 4 is an explanatory 
perspective view showing the use status of the tubular body (work) 
as a shape measuring object. Fig. 5 is an explanatory view of a 
detecting position for displacement in a method for measuring a shape 
of a tubular body according to the present invention. 

< Tubular body> 
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[0098] In the present invention, it is assumed that a tubular body 
to be measured is a cylindrical member having an internal peripheral 
surface and an external peripheral surface which are circular in 
cross -section. Furthermore, the tubular body (work) 10 exemplified 
in this embodiment is a member which will be used while being rotated 
in a state in which the opposite ends are supported by flanges 80 
and 80 inserted therein as shown in Fig. 4. The positions where these 
flanges 80 and 80 are brought into contact with the tubular body 10 
so as to rotatably support it are, for example, the areas S (areas 
with hatching lines in Fig. 4) with a width d from both ends of the 
tubular body 10. 

[0099] As the material of such a tubular body (work) 10, aluminum 
alloy can be exemplified. However, it is not limited to this and can 
be various metals or synthetic resins. 

[0100] As the manufacturing method, a combination of extrusion 
molding and drawing molding can be exemplified as will be described 
later. However, it is not limited to this and can be any method capable 
of manufacturing a tubular body, such as extrusion molding, drawing 
molding, casting, forging, injection molding, cutting or a 
combination thereof . 

[0101] As such a tubular body 10, in concrete, a photosensitive 
rum substrate or raw tube for use in copying machines or printers 
employing an electrophotography system can be exemplified. The 
aforementioned photosensitive drum substrate denotes a tubular body 
after executing cutting processing or drawing processing but before 
forming a photosensitive layer. However, a tubular body after 
forming a photosensitive layer on a photosensitive drum substrate 
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can also be a tubular body to be subjected to the method for measuring 
a shape according to the present invention. 

<Outline> 

[0102] As shown in Figs. 1 to 3, in the method for measuring a shape 
of a tubular body according to the present invention, a pair of 
reference portions 20 and 20 are brought into contact with the internal 
peripheral surface 11 of the tubular body (work) 10 at the vicinities 
of both end portions, and the radial displacement of the external 
peripheral surface 12 of the tubular body 10 is detected by each of 
displacement detecting devices 30 arranged outside the tubular body 
10 while rotating the tubular body 10. 

[0103] The rotation of the tubular body 10 can be performed by 
grasping the tubular body 10 with an operator's hand, bringing a 
driving roller (not shown) into contact with the tubular body 10 or 
using any other method. The rotational center of the tubular body 
10 is located approximately at a position corresponding to the axial 
center of the tube shape of the tubular body 10. 

<Ref erence portion) 

[0104] The positions of the pair of reference portions 20 and 20 
are fixed at least when the tubular body 10 is rotated, and thus the 
contact portions relative to the tubular body 10 advance on the 
internal peripheral surface 11 of the tubular body 10 in the 
circumferential direction. This tubular body 10 is positioned by the 
pair of reference portions 20 and 20 at least when the tubular body 
is rotated to define the reference of the shape measurement. 
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[0105] In this illustration, the pair of reference portions 20 and 
20 are in contact with the tubular body 10 at positions (within the 
regions S with hatching lines in Fig. 4) to be supported at the time 
of the actual use of the tubular body 10. By this, the portions which 
will be the rotational operation references at the time of the actual 
use of the tubular body 10 can be references for the shape measurement , 
which realizes more practical measurement. 

[0106] Furthermore, the pair of reference portions 20 and 20 are 
formed into a spherical shape, respectively, and in contact with the 
internal peripheral surface 11 of the tubular body 10 approximately 
in a point contact state, respectively. This enables a clear 
specification of the reference position for the shape measurement. 
[0107] The pair of reference portions 20 and 20 can be in contact 
with the tubular body 10 at any position on the lower internal 
peripheral surface, the side internal peripheral surface, the upper 
internal peripheral surface (ceiling surface), or the diagonally 
upper or lower internal peripheral surface of the tubular body. 

displacement detecting device> 

[0108] The displacement detecting devices 30 are arranged outside 
the tubular body 10, and their circumference direction positions of 
the tubular body 10 (displacement detecting positions 31"*, 32'") are 
fixed at least when the tubular body 10 is rotated. In other words, 
in accordance with the rotation of the tubular body 10, the 
displacement detecting positions 31 and 32 by the displacement 
detecting devices 30 advance on the external peripheral surface 12 
of the tubular body 10 in the circumferential direction thereof. 
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[0109] The radial displacement of the external peripheral surface 
12 of the tubular body 10 to be detected by the displacement detecting 
devices 30 means the so-called deflection (external diameter 
deflection). In this invention, one of features resides in that the 
deflection of the external peripheral surface 12 with respect to the 
internal peripheral surface 11 of the tubular body 10 is detected 
(measured) by the aforementioned pair of reference portions 2 0 and 
20 in contact with the internal peripheral surface 11 of the tubular 
body 10. 

[0110] In this illustrations, one embodiment in which five 

displacement detecting devices 30 are arranged so that five positions 
different in the axial directional position of the tubular body 10 
can be displacement detecting positions 31 and 32 is exemplified. 
[0111] Especially, two outermost displacement detecting devices 
30 and 30 are disposed at the positions 31 and 31 facing off against 
the pair of reference portions 20 and 20 at the vicinities of both 
ends of the tubular body 10 as displacement detecting positions 31 
and 31. At these positions 31 and 31, the thickness of the tubular 
body 10 pinched by and between the reference portion 20 and the 
displacement detecting device 30 can be measured. 

[0112] On the other hand, the other three displacement detecting 
devices 30 are disposed at positions 32 other than the positions 31 
and 31 corresponding to the pair of reference portions 20 and 20 as 
displacement detecting positions. At each of these positions 32, the 
deflection of the external peripheral surface of the tubular body 
10 can be detected. 

[0113] The circumferential positions of the five displacement 
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detecting devices 30 are positions 31 and 32 corresponding to a 
hypothetical straight line Q passing two contact points PI and P2 
where the internal peripheral surface 11 of the tubular body 10 and 
the pair of reference portions 20 and 20 contact via a thickness 
(region R with hatching lines shown in Fig. 3) of the tubular body 
10 from the outside of the tubular body 10, as shown in Fig. 3. 
[0114] Fig. 5 is an explanatory drawing for explaining the features 
of each displacement detecting position with respect to the 
circumferential direction of the tubular body 10. 

[0115] In the method for measuring a shape of a tubular body 

according to the present invention, the position of each reference 
portion 20 is fixed stably since the reference portion 20 is a 
benchmark of the shape measurement. However, there is a possibility 
that the tubular body 10 contacting the reference portion 20 is 
unstable in position (posture of the tubular body 10) except for the 
positions contacting the reference portions 20. For example, as 
shown in Fig. 5, there is a possibility that the tubular body 10 which 
is being measured (rotated) shifts from the state shown by the actual 
line with the center located at the position O to the state shown 
by the phantom line with the center located at the position O' . 
[0116] At this time, the position A facing off against the 

hypothetical straight line Q passing the contact portions PI and P2 
in contact with the reference portion 20 is a position where the shift 
(O - *O f ) of the tubular body least affects the displacement of the 
external peripheral surface 12 of the tubular body 10 in the radial 
direction (in the direction of the arrow shown at each position A, 
B, C, D in Fig. 5). In other words, once the positions facing off 
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against the hypothetical straight line Q are set to be displacement 
detecting positions, even if the tubular body 10 shifts during the 
measurement , the measured displacements hardly receive the influence, 
resulting in stable measurement. 

[0117] In a concrete apparatus for measuring a shape which will 
be described later, it is configured so as to stabilize the position 
of the tubular body 10 to decrease the problem that the tubular body 
10 shifts during the measurement. 

[0118] When the tubular body 10 is rotated in a state in which the 
pair of reference portions 20 and 20 are in contact with the internal 
peripheral surface 11 of the tubular body 10, there will be no radial ( 
displacement of the external peripheral surface 12 if the tubular 
body 10 is perfectly circular in cross -sectional shape. To the 
contrary, if the tubular body 10 is not perfectly circular, the 
deviation will be detected as the displacement of the external 
peripheral surface by the displacement detecting devices 30. 

(Examples of defective tubes) 

[0119] Next, examples of typical defections of the tubular body 
10 will be explained with reference to Figs. 6 to 8 . 

<Bent tube> 

[0120] Fig. 6A is a perspective view of a bent tube 101 as a defective 
example of the tubular body. The bent tube 101 denotes a tube whose 
axis is bent. Here, in order to exclude another defective factors, 
it is assumed that the circle formed by the internal peripheral surface 
(internal peripheral circle) and the circle formed by the exterior 
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peripheral surface (exterior peripheral circle) in each cross -section 
are perfectly circular along the entire length, and that the center 
of the internal peripheral circle and that of the external peripheral 
circle coincide with each other (concentric), and therefore the 
thickness of the tubular body is uniform. 

[0121] In the actual use of such a bent tube 101, as explained with 
reference to Fig. 4, when the tube 101 is rotated by the flanges 
inserted into both ends of the tubular body, as shown in Fig. 6A, 
the bent tube 101 rotates about the straight line Tl passing the 
centers of the internal peripheral circles at the vicinities of both 
ends of the tube 101, causing deflation at the axial central portion 
of the bent tube 101. The chain double-dashed line in Fig. 6A shows 
the state rotated by 180 degrees from the state shown by the solid 
line. 

[0122] Fig. 6B is a cross-sectional view taken at the axial central 
portion of the bent tube 101, and the chain double-dashed line shows 
the external peripheral surface (external peripheral circle) in the 
state rotated by 180 degrees from the state shown by the solid line. 
As shown in this figure, although the tubular body 101 is pushed up 
in the state shown by the solid line, it is pushed down when rotated 
by 180 degrees as shown by the chain double-dashed line, and then 
it returns to the state shown by the solid line when further rotated 
by 180 degrees. That is, 360-degree-cycle deflection is generated. 
[0123] In the rotation using the flanges, the line passing the 
center of the internal peripheral circle at the vicinity of one end 
portion of the tubular body supported by the flange and the center 
of the internal peripheral circle at the vicinity of the other end 
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portion of the tubular body supported by the flange constitutes the 
rotation axis Tl . However, this rotation axis Tl and the center of 
the external peripheral circle are misaligned at the axial central 
portion of the bent tube 101. The deflection caused at the central 
portion in the axial direction of the bent tube 101 arises from the 
misalignment between the rotation axis Tl determined by the internal 
peripheral circles at the vicinities of both ends of the tube 101 
and the center of the external peripheral circle in a cross -section 
to be observed. 

<Uneven thickness tube> 

[0124] Fig. 7A is a perspective view of a tube 102 with uneven 
thickness as a defective example of a tubular body (hereinafter 
referred to as "uneven thickness tube"). The uneven thickness tube 
denotes a tube in which the thickness differs in the circumferential 
direction at a cross-section of a tubular body. Here, in order to 
exclude another defective factors, it is assumed that the axis of 
the tubular body is a straight line, the circle formed by the internal 
peripheral surface (internal peripheral circle) and the circle formed 
by the exterior peripheral surface (exterior peripheral circle) are 
perfectly circular in each cross-section along the entire length 
thereof, but the center of the internal peripheral circle and that 
of the external peripheral circle are shifted (eccentric), and 
therefore the thickness is uneven. Furthermore, it is also assumed 
that the cross -sectional configuration is constant along the axial 
direction of the tubular body and that there is no twist. 
[0125] In the actual use of such an uneven thickness tube 102, as 
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explained with reference to Fig. 4, when the tube is rotated by the 
flanges inserted into both ends of the tubular body, as shown in Fig. 
7A, the uneven thickness tube 102 rotates about the straight line 
T2 passing the centers of the internal peripheral circles at the 
vicinities of both ends of the tube 102, causing deflation at the 
entire length of the tube 102 along the axial direction. The chain 
double-dashed line in Fig. 7A shows the state rotated by 180 degrees 
from the state shown by the solid line. 

[0126] Fig. 7B is a cross -sectional view of the uneven thickness 
tube 102, and the chain double-dashed line shows the external 
peripheral surface (external peripheral circle) in the sate rotated 
by 180 degrees from the state shown by the solid line. As shown in 
this figure, although the external peripheral surface of the tube 
102 is raised upward as a whole since the thicker portion is located 
at the upper portion as shown by the solid line, the thicker portion 
is moved downward when it is rotated by 180 degrees as shown by the 
chain double -dashed line and the thinner portion is located at the 
upper position, and therefore the external peripheral surface is moved 
downward as a whole and then it returns to the state shown by the 
solid line. That is, 360 -degree-cycle deflection is generated. 
[0127] In such a rotation by the flanges, in the same manner as 
the aforementioned bent tube, the line passing the center of the 
internal peripheral circle at the vicinity of one end portion of the 
tubular body supported by the flange and the center of the internal 
peripheral circle at the vicinity of the other end portion of the 
tubular body supported by the flange constitutes the rotation axis 
T2. In the uneven thickness tube 102, since the center of the internal 
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peripheral circle and that of the external peripheral circle are 
misaligned along the entire length of the tube, the rotation axis 
Tl which is determined based on the internal peripheral surface and 
the center of the external peripheral circle are misaligned along 
the entire length of the bent 102. The deflection along the entire 
length of the uneven thickness tube 102 arises from the misalignment 
between the rotation axis T2 determined by the internal peripheral 
circles at the vicinities of both ends of the tube 102 and the center 
of the external peripheral circle at a cross -section to be observed. 

<Flat tube> 

[0128] Fig. 8A is a perspective view of a tube 103 with a non- 
perfect circular cross -section as a defective example of a tubular 
body , especially a tube with a flat cross-section (hereinafter 
referred to as "flat tube") . The flat tube denotes a tube not having 
a perfect circular cross-section but having an elliptic cross-section 
formed by pressing from up-and-down direction or right-and-left 
direction. Here, in order to exclude another defective factors, it 
is assumed that the axis of the tubular body is a straight line, the 
cross -sectional shape of the internal peripheral circle and that of 
the exterior peripheral circle are almost similar, the thickness is 
almost constant, the cross-sectional shape is constant along the 
entire length with no twist. 

[0129] In the actual use of such a flat tube 103, as explained with 
reference to Fig. 4, it cannot be decided how the flanges are set 
with respect to the tubular body (flat tube), or how the position 
or the posture of the tubular body (flat tube) 103 is decided with 
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respect to a rotation axis as a center of the flange because they 
are decided based on the relationship of the degree of flatness or 
the strength of the tubular body, the size of the flange and the 
strength of the flange. Here, it is assumed that both the flanges 
are set to both end portions of the tubular body 103 with the center 
of the flange aligned with the center of the internal peripheral circle 
of the flat tube. In this state, when the tubular body (flat tube) 
103 is rotated, as shown in Fig.8A, the flat tube rotates about the 
straight line T3 passing the center of the internal peripheral circle 
as an axis, causing deflection along the entire axial length of the 
flat tube 103. The chain double-dashed line in Fig. 8A shows the state 
rotated by 90 degrees from the state shown by the solid line. 
[0130] Fig. 8B is a cross -sectional view of the flat tube 103, and 
the chain double -dashed line shows the external peripheral surface 
(external peripheral circle) in the state rotated by 90 degrees from 
the state shown by the solid line. 

[0131] As shown in this figure, although the tubular body 103 is 
taking a vertical posture in the state shown by the solid line, it 
will take a horizontal posture as shown by the chain double-dashed 
line when further rotated by 90 degrees, and then returns to the 
original posture shown by the solid line when further rotated by 90 
degrees. As will be understood from the above, inward and outward 
displacements of the external peripheral surface will be repeated, 
causing 180-degree-cycle deflection . 

[0132] As mentioned above, it is assumed that the rotation axis 
T of this flat tube 103 passes the centers of the internal peripheral 
surfaces of both ends of the tubular body ( flat tube ) 103 . Furthermore , 
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in this example assuming that the cross -section is constant along 
the entire length of the tube, the rotational axis T passes the center 
of the external peripheral circle (not perfect circle) at any 
cross -section. Therefore, the deflection along the entire length of 
the flat tube 103 arises from the fact that the external peripheral 
circle in each cross-section of the tubular body 103 is shifted from 
the perfect circle. Fig. 8C will be detailed later. 

(Measuring examples) 

[0133] Next, the measurement of the shape of the aforementioned 
defective tube as an object to be measured will be explained with 
reference to Fig. 9. Fig. 9 shows graphs each showing the result of 
the displacement of the external peripheral surface of a tubular body 
(work) 10 as an object detected while rotating the tubular body 10. 
In Fig. 9, the horizontal axis denotes a rotation angle of the tubular 
body (work) , and the vertical axis denotes the detected value of the 
radial displacement of the external peripheral surface of the tubular 
body 10 to be detected by the displacement detecting devices 30. 

<Measurement of perfect tube> 

[0134] When a shape of a perfect cylindrical tubular body 10 with 
no bent, no uneven thickness, no cross-sectional distortion is 
measured based on the measurement principle shown in Figs . 1 to 3 , 
as explained above, the external peripheral surface of the tubular 
body 10 does not change at all. Therefore, there will be no change 
in displacement to be detected by each of the five displacement 
detecting devices 30 as shown in Fig. 9A. 
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<Measurement of bent tube> 

[0135] In the bent tube 101 shown in Fig. 6A, since it is assumed 
that the internal peripheral surface is perfect circular, even if 
the tubular body 10 is rotated in a state in which the pair of reference 
portions 20 and 20 are in contact with the internal peripheral surface 
of the bent tube 20 and 20, the internal peripheral surface of the 
tubular body in contact with the pair of reference portion 20 and 
20 does not fluctuate- Accordingly, in this measurement for the bent 
tube 101, the tube rotates in the same manner as in the case in which 
the tubular body is rotated with the flanges inserted into both ends 
of the tubular body as shown in Fig. 6A. Here, the misalignment of 
the rotation center position assumed in Fig. 6 is neglected. 
[0136] At this time, as will be apparent from Fig. 6A, at the 
detecting positions 31 and 31 near both ends of the tubular body 101 
facing off against the pair of reference portions, no displacement 
will be detected as shown in Fig. 9A. This is apparent because of 
the facts that at the detecting positions 31 and 31 facing the 
reference portions 20 and 20 the thickness of the tubular body 101 
at these positions 31 and 31 are to be detected and that in the bent 
tube 101 shown in Fig. 6 it is assumed that the thickness is constant. 
[0137] To the contrary, at the positions 32 other than the positions 
31 and 31 facing off against the reference portions 20 and 20, as 
shown in the arrows under the tubular body 101 in Fig. 6B, the external 
peripheral surface of the tubular body 101 is displaced in the radial 
direction thereof and the cycle is 360 degrees. Therefore, the 
deflection of the external peripheral surface as shown in Fig. 9B 
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will be detected. That is, according to this method for measuring 
a shape of a tubular body, the deflection of the external peripheral 
surface caused by the bent of the tubular body 101 can be detected. 
[0138] Furthermore, at the central position among the three central 
displacement detecting positions 32 of the tubular body 101, maximum 
deflection can be detected. The comparison of the deflection of each 
detecting position 32 enables to figure the fact that the defects 
of the tubular body 101 are caused by the bent and to figure the degree 
of the bent . 

[0139] The deflection of the bent tube 101 shown in Fig. 6 can also 
be detected by the previously mentioned conventional method ( see Figs . 
56 and 57) for detecting deflection of an external peripheral surface 
with reference to the external peripheral surface as a reference. 

<Measurement of uneven thickness tube> 

[0140] In the uneven thickness tube 102 shown in Fig. 7, since it 
is assumed that the internal peripheral surface is perfectly circular, 
even if the tubular body 102 is rotated in a state in which the pair 
of reference portions 20 and 20 are in contact with the internal 
peripheral surface of the bent tube 102 and 102, the internal 
peripheral surface of the tubular body in contact with the pair of 
reference portion 20 and 20 would not fluctuate. Accordingly, in this 
measurement for the unevenness thickness tube 102, the tube rotates 
in the same manner as in the case in which the tubular body is rotated 
with the flanges inserted into both ends of the tubular body as shown 
in Fig. 7A. Here, the misalignment of the rotation center position 
assumed in Fig. 5 is neglected. 
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[0141] At this time, at all of the detecting positions, i.e., the 
detecting positions 31 and 31 at the vicinities of both ends of the 
tubular body 102 facing off against the pair of reference portions 
20 and the detecting positions 32 other than the above detecting 
positions 31 and 31, as shown by the arrow under the tubular body 
102 in Fig. 7B, the external peripheral surface of the tubular body 
102 is displaced in the radial direction, and the cycle is 360 degrees. 
Therefore, according to this method for measuring a shape of a tubular 
body, deflection of the external peripheral surface due to the 
unevenness thickness of the tubular body 102 can be detected. 
[0142] Especially, at the detecting positions 31 and 31 facing off 
against the reference portions 20 and 20, the thickness of the tubular 
body 102 is directly detected. Therefore, it is possible to obtain 
the thickness distribution in the circumferential direction of the 
tubular body 102 from the deflection detected at the positions 31 
and 31. 

[0143] Furthermore, although a tubular body generally includes 
defect factors such as bent or unevenness in a complex manner, 
according to this method for measuring a shape of a tubular body, 
a result reflecting these influences can be obtained by one 
measurement . 

[0144] Furthermore, if it is assumed that the uneven thickness is 
almost the same along the entire length of the tubular body, it is 
possible to assume that the thickness distribution in the 
circumferential direction of the tubular body which will be proved 
from the displacement detected at the detecting positions 31 and 31 
facing off against the reference portions of the tubular body 10 is 
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the same along the entire length of the tubular body 10. In this case, 
although the displacement detected at the detecting positions 32 other 
than the detecting positions 31 and 31 facing off against the reference 
portions 20 includes the displacement due to the uneven thickness, 
it is possible to take out only the defective influences due to causes 
other than the unevenness by subtracting the displacement detected 
at the detecting positions 31 and 31. By this, regarding a tubular 
body having defective factors of bent and uneven thickness in a complex 
manner, it is possible to obtain the results affected by these 
influences and to evaluate the respective defective degree by 
separating the influences due to the defectives from the results. 
[0145] Such assumption that such uneven thickness is almost the 
same along the entire length of the tubular body can be made, in most 
case, based on the characteristics and the like of the manufacturing 
method of the tubular body. For example, if the tubular body is 
manufactured by performing a continuous extrusion and then cutting 
the extruded member into a predetermined length, there are many cases 
capable of assuming that the cross -sectional shape is almost the same 
along the entire length of each tubular body. 

[0146] As mentioned above, the deflection of the uneven thickness 
tube 102 as shown in Fig. 7 cannot be detected by a conventional method 
(see Figs. 56 and 57) for measuring deflection of the external 
peripheral surface with respect to the external peripheral surface 
as a reference. 

<Measurement of flat tube> 

[0147] In the measurement of the flat tube 103 shown in Fig. 8, 
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when the tubular body 103 is rotated in a state in which the pair 
of reference portions 20 and 20 is in contact with the internal 
peripheral surface of the tubular body (flat tube) 103, the tubular 
body (flat tube) 103 moves up and down in appearance as shown in Fig. 
8C. 

[0148] In the measuring method shown in Figs. 1 to 3, the positions 
facing off against the hypothetical straight line Q passing two 
contact points where the pair of reference portions 20 and 20 are 
in contact with the tubular body, i.e. , the upper side of the tubular 
body 103, is the position to detect the displacement. Therefore, as 
will be apparent from the arrow shown at the lower side of the tubular 
body 103, no displacement change is detected as shown in Fig. 9A. 
This is because the tubular body 103 has no bent and the thickness 
is constant. As a result, in the measuring method shown in Figs. 1 
to 3 , it is impossible to detect defects due to a non-circular 
cross-section such as a flat cross-section. 

[0149] The deflection of the flat tube as shown in Fig. 8 cannot 
be detected by a conventional method (see Figs. 56 and 57) for 
measuring deflection of the external peripheral surface with respect 
to the external peripheral surface as a reference. 

(Principle of further advanced method for measuring a shape) 
[0150] Next, as for a further advanced method for measuring a shape 
of a tubular body according to the present invention, which is capable 
of detecting defects due to the fact that the cross-sectional shape 
is a non-circular shape like the flat tube 103, the principle will 
be explained with reference to schematic explanatory drawings . 
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[0151] Fig. 10 is a front cross-sectional view showing the 

principle of the measuring method according to the present invention, 
and Fig. 11 is the side cross- sectional view thereof. 
[0152] In the aforementioned method for measuring a shape of a 
tubular body according to the present invention shown in Figs. 1 to 
3 (hereinafter referred to as "basic method") , the five displacement 
detecting devices 30 are arranged at the positions facing off against 
the hypothetical straight line Q passing two contact portions PI and 
P2 where the reference portions 20 and 20 are in contact with the 
internal peripheral surface of the tubular body contact from the 
outside of the tubular body 10. Especially, two positions 31 and 31 
among the aforementioned contact positions are located at the 
positions facing off against the pair of reference portions 20 and 
20. 

[0153] In a further advanced method for measuring a shape of a 
tubular body according to the present invention, as shown in Figs. 
10 and 11, in addition to the five displacement detecting devices 
30 in the aforementioned basic method, newly added five displacement 
detecting devices 30 are arranged. 

[0154] These newly arranged five detecting devices 30 are arranged 
such that these axial positions coincide with the deflection detecting 
positions 31 and 32 in the basic method and that the circumferential 
positions are positions 33 and 34 shifted by a half circumference 
length from the deflection detecting positions 31 and 32 in the basic 
method. In other words, new displacement detecting devices 30 are 
arranged so as to be arranged at detecting positions which are reversed 
phase positions (positions shifted by 180 degrees in phase) in the 
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circumferential direction of the tubular body 10 with respect to the 
detecting positions 31 and 32 in the basic method. 

[0155] Like this, if the radial displacements of the external 
peripheral surface are detected from both sides of the tubular body 
10 at each axial position, the diameter of the external peripheral 
surface (external circle) of the tubular body 10 at each axial position 
can be obtained. Concretely, the diameter displacement of the 
tubular body 10 in each circumferential position can be obtained by 
finding the differences between the displacements detected at two 
detecting positions of the opposite sides of the tubular body 10 at 
each rotational angle along the circumferential direction while 
rotating the tubular body 10. 

[0156] By this, at each cross -section in the axial direction of 
the tubular body 10 to which the detecting positions are set, it 
becomes possible to grasp the external peripheral shape (external 
shape) of the tubular body 10. 

[0157] Especially, the displacement to be detected at the detecting 
positions 31 and 31 facing off against the pair of reference portions 
20 and 20 shows the thickness of the tubular body 10 as mentioned 
above. Therefore, by the detecting positions 31 and 31 and the opposed 
reversed phase detecting positions 33 and 33, it becomes possible 
to detect how the thickness and the diameter of the tubular body 10 
in the cross-section change in the circumferential direction. 
Accordingly, in this cross-section, it is possible to grasp the 
cross - sect ional shape . 

[0158] Furthermore, each of these detecting positions 33 and 34 
correspond to the position C shown in Fig. 5. This position C is a 
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portion receiving the least influence of the detection amount with 
respect to the displacement of the central position of the tubular 
body 10 next to the detecting position A when the central position 
is displaced with the internal peripheral surface of the tubular body 
10 contacting the reference portions 20 and 20 during the shape 
measurement of the tubular body 10 (during the rotation) . Therefore, 
even if the tubular body 10 is shifted during the shape measurement, 
the detected value of the displacement in the detecting positions 
33 and 34 hardly receives the influence, resulting in stable shape 
measurement . 

<Measurement of flat tube> 

[0159] In the case of performing a shape measurement of a flat tube 
shown in Fig. 8 by the aforementioned advanced method, as mentioned 
above, at the detecting positions 31 and 31 facing off against the 
reference portions 20 and 20 and the detecting positions 32 (the 
detecting positions at the lower side of the tubular body 103 in Fig. 
8C) located at the same circumferential position as the detecting 
positions 31 and 31, no displacement is only detected as shown in 
Fig. 9A. 

[0160] To the contrary, at the detecting positions 31 and 32 and 
the reversed phase detecting positions 33 and 34, as shown by the 
arrow above the upper side of the tubular body 103 in Fig. 8C, the 
external peripheral surface of the tubular body 103 is displaced in 
a radial direction. Since the cycle of this displacement is 180 
degrees, the deflection of the external peripheral surface 12 as shown 
in Fig. 9C is detected at these detecting positions 33 and 34. That 
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is, according to the second method for measuring a shape of a tubular 
body, it is also possible to detect defects due to the fact that the 
cross-section of the tubular body is non-circular. 

[0161] Furthermore, from the changing status of the displacement 
to be detected (the shape of the graph in Fig. 9C) , it is also possible 
to guess the cross-sectional shape of the measured tubular body 103. 
[0162] Furthermore, although this advanced method can detect the 
defects such as bent or uneven thickness of the tubular body in the 
same manner as in the first method, results reflecting the defects 
due to the non-circular cross -sectional shape and the influences of 
the defects can be obtained. 

[0163] Furthermore, by considering the typical detection pattern 
of each defect, it is possible to discriminate the degree, size or 
contents (cross -sectional shape in the case of non-circular 
cross -section) of each defect. This can contribute to 

countermeasures for solving each defect. 

[0164 ] In both the basic method shown in Figs . 1 to 3 and the advanced 
method shown in Figs . 10 and 11 , it is possible to obtain the deflection 
corresponding to the conventional deflection of the external 
peripheral surface with reference to the external peripheral surface 
as a reference as shown in Figs. 56 and 57. In detail, from the ratio 
of distance between the two detecting positions 31 and 31 facing off 
against the reference portions 20 and 20 and another detecting 
positions 32 arranged at the axial central portion of the tubular 
body 10, the displacement that the displacement detected at two 
detecting positions 31 and 31 gives to another detecting positions 
32 is found. Thus obtained displacement is subtracted from the 



actually detected displacement . Thus calculated displacement of 
another detecting positions 32 becomes the displacement measured with 
reference to the two detecting positions 31 and 31 as references. 

[ Embodiment 1 ] 

[0165] Hereinafter, as a first embodiment of an apparatus for 
measuring a shape of a tubular body which conducts a shape measurement 
of a tubular body based on the aforementioned principle, a manual 
type shape measuring apparatus 4 in which a tubular body (work) 10 
is rotated by a measuring operator with his/her hand will be explained. 
[0166] Fig. 12 is a plan cross-sectional view of the manual type 
shape measuring apparatus 4. Fig. 13 is a front cross-sectional view 
of the apparatus. Fig. 14 is a side cross -sectional view of the 
apparatus. Fig. 15 is a schematic perspective view of the apparatus. 
Fig. 16 is an explanatory view of the setting procedure of a tubular 
body (work) in the apparatus 4. 

[0167] This shape measuring apparatus 4 is provided with a pair 
of reference portions 42 and 42 which come into contact with the 
internal peripheral surface 11 of the tubular body 10 to become shape 
measuring references, pedestal portions 4 4 which support the tubular 
body 10 from the lower side thereof to stabilize the height position 
of the tubular body 10, a stopper 45 which comes into contact with 
one side end of the tubular body 10 to stabilize the axial position 
of the tubular body 10, deflection detecting devices 43 which come 
into contact with the external peripheral surface 12 of the tubular 
body 10 to detect the radial displacement of the external peripheral 
surface of the tubular body 10, and a main base 40 to which these 
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parts are attached. 

<Pair of reference portions) 

[0168] As shown in Fig. 14, etc., the pair of reference portions 
42 and 42 each comes into contact with a side position of the internal 
peripheral surface 11 at the vicinity of each end portion of the 
tubular body 10 disposed horizontally or approximately horizontally, 
wherein the side portion corresponds to approximately the central 
positions in the height direction of the tubular body 10, and serves 
as a reference of the shape measurement. 

[0169] The pair of reference portion 42 and 42 are each constituted 
by a synthetic resin spherical body capable of being smoothly slid 
on the internal peripheral surface 11 of the tubular body 10 without 
scratching the internal peripheral surface 11, and attached to the 
reference supporting block 422 and 422 via a fixed supporting axis 
421 and 421. In this embodiment, the pair of reference portions 42 
and 42 do not rotate together with the tubular body 10. Therefore, 
the portions of the pair of reference portions 42 and 42 which is 
in contact with the internal peripheral surface 11 of the tubular 
body 10 do not change even if the tubular body 10 rotates, which causes 
stabilized measuring reference positions. On the other hand, it is 
designed such that the pair of reference portions 42 and 42 can be 
rotated arbitrarily when the contact portion in contact with the 
internal peripheral surface 11 of the tubular body 10 is abraded. 
Accordingly, new positions of the pair of reference portions 42 and 
42 can be brought into contact with the internal peripheral surface 
11 of the tubular body 10 as needed. 
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[0170] Each of the fixed supporting axes 421 and 421 supporting 
the reference portions 42 and 42 is formed to have a cross-section 
smaller than that of the reference portion 4 2 and constituted by, 
for example, a metal bar having a length longer than the insertion 
length of the reference portion 42 inserted into the tubular body 
10. This enables the setting of the tubular body (work) 10. 
[0171] Each of the reference supporting block 422 and 422 is 
constituted by, for example, a metal block fixed on the upper surface 
of the main base 40 with bolts or the like. At a portion of the main 
base 40 to which one of the reference supporting block 422 and 422 
is mounted, an elongated hole 423 of a certain length extending along 
the longitudinal direction (axial direction) of the tubular body 10 
is formed. By a bolt passing through this elongated hole 423, one 
of the reference supporting blocks 422 is fixed. Thus, the distance 
between the pair of reference supporting blocks 422 and 422 can be 
changed such that one of the reference supporting blocks 422 can be 
moved among a plurality of positions arranged in the axial direction 
of the tubular body 10 and can be fixed at any one of the positions. 
This enables a shape measurement in accordance with various tubular 
bodies 10 with different size. Furthermore, it is possible to set 
the contact position of the reference portion 42 at any one of various 
axial positions of the tubular body 10. However, the structure 
enabling the movement of the reference portion 42 and 42 does not 
aim to move the reference supporting block 422 and 422 during a shape 
measuring of a tubular body 10. 

[0172] Furthermore, although the bolt hole for fixing the other 
reference supporting block 422 is also an elongated hole 424, this 
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elongated hole 424 is used to move the pedestal portion 44 which will 
be explained later, and therefore it is not necessary to move the 
other reference supporting block 422. 

[0173] Since the reference portions 42 and 42, the fixed supporting 
axes 421 and 421 and the reference supporting blocks 422 and 422 each 
serve as a reference for a shape measurement of a tubular body 10, 
it is constituted such that they have sufficient rigidity depending 
on the requested measurement accuracy. 

< Pedestal port ion > 

[0174] As shown in, for example. Figs. 13 and 14, the pedestal 
portion 44 supports the tubular body 10 from the lower side such that 
the side portion (internal peripheral side surface) of the internal 
peripheral surface 11 at the altitudinal middle position of the 
tubular body 10 is set to be approximately the same height as the 
pair of reference portions 42 and 42 and that the internal peripheral 
side surface of the tubular body 10 and the pair of reference portions 
42 and 42 make contacts, to thereby stabilize the height position 
of the tubular body 10. 

[0175] The pedestal portion 44 is disposed at each end of the tubular 
body 10 so as to support the vicinities of both end portions of the 
tubular body 10. Therefore, the tubular body 10 is stably supported 
so that the axial direction is kept approximately horizontal. These 
two pedestal portions 44 and 44 include a pair of pedestal blocks 
441 each fixed at the inside of the reference supporting blocks 422 
and 422 with bolts or the like and contact members (contacting 
portions) 442 and 442 each provided on the upper surface of the 
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pedestal block 441 and 441. 

[0176] The pedestal blocks 441 and 441 are movably fixed on the 
main base 40 with bolts passing through the elongate holes 423 and 
4 24 formed in the main base so that the fixing position of the pedestal 
blocks can be changed in the same manner as the reference supporting 
blocks 422 and 422. Thus, in the same manner as the reference 
supporting blocks 422 and 422, various tubular bodies 10 with 
different lengths can be supported at an appropriate axial position 
in a state in which the height position is stabilized, thereby enabling 
accurate shape measurement . 

[0177] Furthermore, the pedestal block 441 is fixed to the main 
base 40 via one or plural height adjusting plates 443 so as to adjust 
the height. This enables a stable support of any tubular bodies with 
different cross-sectional sizes (diameters) at an appropriate height 
position . 

[0178] The contact member (contact portion) 442 is a round bar made 
of materials such as hard synthetic resin with smaller frictional 
coefficient against the external peripheral surface of the tubular 
body 10. Therefore, when the tubular body 10 rotates in a state in 
which the external peripheral surface 12 is in contact with the 
pedestal portions 44 and 44, the tubular body 10 can rotate smoothly 
without causing fluttering vibrations, enabling accurate shape 
measurement. As the material of the contact members 442, any material 
whose friction coefficient against the external peripheral surface 
of the tubular body is low can be preferably used. For example, other 
than the aforementioned hard synthetic resin, metallic material 
having a flat surface can be exemplified. 



49 



[0179] The contact member 442 is fitted in an approximately 

horizontal groove perpendicular to the axial direction of the tubular 
body 10 formed on the upper surface of the pedestal block 441 so that 
the upper surface is leveled approximately. As a result, even if the 
contact position against the tubular body 10 is slightly shifted, 
the height of the tubular body 10 can be stably held, resulting in 
accurate shape measurement . 

[0180] Each contact member 442 is disposed at a position which 
coincides with the reference portion 42 in axial directional position 
of the tubular body 10. Therefore, the height position of the tubular 
body 10 can be stabilized at the axial directional positions wherein 
the tubular body 10 comes into contact with the pair of reference 
portions 42 and 42, enabling accurate shape measurement with the 
reference position for the shape measurement stabilized. 

<Stopper> 

[0181] As shown in, for example. Fig. 13, the stopper 4 5 

stabilizes the axial position of the tubular body 10 by coming into 
contact with one of the end faces of the tubular body 10, thereby 
bringing the pair of reference portions 4 2 and 4 2 into contact with 
appropriate axial positions of the tubular body 10. Furthermore, the 
stopper 45 stabilizes the contact positions of the displacement 
detecting devices 43 and the tubular body 10 at appropriate axial 
positions . 

[0182] This stopper 45 is constituted by a stopper fixing shaft 
451 attached to the inside surface of the reference supporting block 
4 22 which is not moved in the axial direction of the tubular body 
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10 and a stopper body 452 attached to the tip end of the stopper fixing 
shaft 451. 

[0183] The stopper fixing shaft 451 is formed as a metallic 

component extended from the inside surface of the reference supporting 
block 422 approximately horizontally and then bent upward. 
[0184] The stopper body 452 is formed as a short column having a 
circular horizontal cross-section made of synthetic resin or the like 
with low friction coefficient, and comes into contact with one end 
face of the tubular body 10 to thereby stabilize the axial position 
of the tubular body 10 to be rotated during the shape measurement. 

displacement detecting device) 

[0185] The displacement detecting device 43 is brought into contact 
with the external peripheral surface 12 of the tubular body 10 to 
detect the radial displacement of the external peripheral surface. 
In this embodiment, contact type displacement detecting devices are 
arranged at three positions different in axial position of the tubular 
body 10. Among three displacement detecting devices 43, two side 
detecting devices are disposed at positions facing off against the 
pair of reference portions 42 and 42 and positions where the radial 
direction of the tubular body 10 coincides with a horizontal direction . 
The remaining one is disposed at the axial central position of the 
tubular body 10 in parallel with the aforementioned two detecting 
devices . 

[0186] The displacement detecting device 43 is provided with a 
contact roller (contact portion) 431 which comes into rolling contact 
with the external peripheral surface of the tubular body 10, a support 
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bracket 432 to rotatably support the contact roller 431 and a movable 
shaft 433 with one end to which the support bracket 432 is attached. 
By detecting the displacement of the movable shaft 433 in the 
in-and-out direction, or the displacement of the contact roller 
(contact portion) 431, the displacement of the external peripheral 
surface of the tubular body 10 can be detected. Since the displacement 
detecting device 43 detects the displacement while making contact 
with the external peripheral surface 12, the detection can be 
performed assuredly. Furthermore, since the contact roller 431 comes 
into rolling contact with the external peripheral surface 12 of the 
tubular body 10, it is possible to minimize damages such as scratches 
on the external peripheral surface 12 of the tubular body 10. 
[0187] The contact roller (contact portion) 431 is formed into a 
cylindrical shape, and the external surface thereof comes into line 
contact with the external peripheral surface 12 of the tubular body 
10. Thus, the pressure acting on the external peripheral surface 10 
of the tubular body 10 is dispersed, which prevents damages to the 
external peripheral surface 12 of the tubular body 10. Furthermore, 
both edges of the contact roller 431 are cut. This also prevents 
damages to the external peripheral surface 12 of the tubular body 
10. 

[0188] Furthermore, each displacement detecting device 43 is 

equipped with an urging means 434 for urging the movable shaft 433 
toward the tubular body 10 to thereby press the external peripheral 
surface 12 of the tubular body 10 on the pair of reference portions 
42 and 42 via the contact roller 431. This urging means 434 is 
constituted by a spring or the like with one end fixed to the fixed 
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portion 435 in the displacement detecting device 43 and the other 
end attached to the movable shaft 4 33 so as to urge the protrusion 
436 formed on the movable shaft 433 . In other words , this displacement 
detecting device 43 is provided with the urging means 434 so as to 
serve as a pressing portion. Since the tubular body 10 is pressed 
from the outside thereof by the displacement detecting device 
(pressing portion) 43 against the pair of reference portion 42 and 
42, the internal peripheral surface 11 of the tubular body 10 assuredly 
comes into contact with the pair of reference portions 42 and 42. 
Therefore, accurate shape measurement can be performed. 
[0189] Furthermore, since the displacement detecting devices 43 
functions as pressing portions , the number of contact portions between 
the tubular body 10 as an object to be measured and the shape measuring 
apparatus 4 can be decreased as small as possible as compared with 
the structure having separate pressing portions. Thus, external 
turbulence factors can be eliminated to thereby contribute to accurate 
shape measurement. Furthermore, this decreases the number of parts 
of the shape measuring apparatus 4 to thereby contribute to cost 
reduction . 

[0190] Furthermore, since the displacement detecting devices 43, 
which also functions as pressing portions, are disposed at the 
positions facing off against the pair of reference portions 42 and 
42 and the axial central position of the tubular body 10, the tubular 
body 10 can be brought into contact with the pair of reference portions 
42 and 42 in a stable manner. In addition, since the displacement 
detecting devices 43 are disposed symmetrically about the axial center 
of the tubular body 10 (in Fig. 12, monosymmetric ) , the tubular body 
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10 can be stably brought into contact with the pair of reference 
portions in a well-balanced manner. 

[0191] These displacement detecting devices 43 are mounted on the 
detecting device mounting shaft 411 parallel to the axial direction 
of the tubular body 10 so as not to be rotated- Both end portions 
of this detecting device mounting shaft 411 rotatably penetrate a 
pair of main body side walls 412 and 412 fixed at opposite ends of 
the main base 40, and are provided with rotation operation handle 
413 and 413. 

[0192] To the portions of the detecting device mounting shaft 411 
disposed immediately inside the main body side walls 412 and 412, 
a pair of rotation blocks 414 and 414 is attached so as not to be 
rotated with respect to the detecting device mounting shaft 411 . Each 
rotation block 414 is structured such that the rotational position 
can be fixed by inserting a boss (not shown) inwardly protruded from 
the main body side wall 412 with the plunger handle 415. The 
rotational position to be fixed at this time is set to take a 
disengaging position where the contact rollers 431 of the displacement 
detecting device 43 are detached from the tubular body 10 . As a result , 
it becomes possible to easily disengage the contact rollers 431 from 
the tubular body 10 and set the tubular body 10 to this apparatus. 
[0193] Furthermore, at the inner upper portions of the main body 
side walls 412, a magnet 416 is mounted to fix the rotational position 
of the rotation block 414 respectively. The rotational position to 
be fixed at this time is a position for performing a shape measurement 
of the tubular body 10 (displacement measuring position) in which 
the detecting device mounting shaft 411 is rotated with the rotation 
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operation handle 413, and the contact roller 431 is pressed against 
the external peripheral surface 12 of the tubular body 10. In this 
state, the shape measurement of the tubular body 10 can be performed 
in a stable manner. 

[0194] The detecting device mounting shaft 411, the pair of main 

body side walls 412 and 412, the rotation operation handles 413 and 
413, the rotation blocks 414 and 414, the plunge handle 415 and the 
magnets 416 and 416 constitute a cooperative mechanism that 
cooperatively moves the plural displacement detecting devices 43 
between the displacement measuring position and the disengaged 
position . 

[0195] Furthermore, each displacement detecting device 43-" is 
mounted on the detecting device mounting axis 411 in such a manner 
that the axial position can be changed and fixed at each position, 
so that it is possible to cope with various tubular body 10 with 
different lengths. Furthermore, it is possible to measure the 
deflection of the external peripheral surface 12 of the tubular body 
10 with the limited number (three (3) in this embodiment) of 
displacement detecting devices 43 at larger number of positions than 
the limited number of positions. 

<Setting of tubular body> 

[0196] The setting of the tubular body (work) to the shape 

measuring apparatus is performed by inserting one end of the tubular 
body with respect to one of the reference portions (see Fig. 16A) . 
At this state, since the reference portions 42 and 42 are supported 
from the outside by the fixed supporting axis 421 and 421 and each 
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of these fixed supporting axes 421 and 421 has a length longer than 
the insertion depth of the pair of reference portions 42 and 42 
inserted in the tubular body 10 , from the end face of the tubular 
body 10 , the one end portion of the tubular body 10 can be deeply 
inserted with respect to the one reference portion 42 such that the 
other end portion of the tubular body 10 (right side end portion in 
Fig. 16A) reaches the inside of the other reference portion 42. 
[0197] From this state, the other end portion of the tubular body 
10 is lowered so as to locate the pair of reference portions 42 and 
42 inside the tubular body 10 as seen from the axial direction (see 
Fig. 16B). Thereafter, the tubular body 10 is horizontally slid so 
as to insert the other reference portion 42 into the other end portion 
of the tubular body 10 until the tubular body 10 comes into contact 
with the stopper body 452 to complete the setting. 

[0198] As explained, in setting the tubular body 10, it is not 
required to move the pair of reference portions 42 and 42 at all. 
This easily stabilizes the positions of the pair of reference portions 
4 2 and 42, contributing to accurate shape measurement. 
[0199] Furthermore, since the stopper 45 which comes into contact 
with the one side face of the tubular body 10 is provided, the tubular 
body 10 can be easily set to an appropriate axial position by simply 
sliding the tubular body 10 until the other side face of the tubular 
body 10 comes into contact with the stopper body 452. 
[0200] Once the tubular body 10 is set, the displacement detecting 
devices 43 are set to be rotatably movable by operating the plunger 
handle 415, and then the contact rollers 431 of the displacement 
detecting devices 43 are pressed against the external peripheral 
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surface 12 of the tubular body 10 by operating the rotation operation 
handle 413. 

[0201] Then, while keeping the contact state in which the contact 
rollers 431 are in contact with the external peripheral surface 12 
of the tubular body 10, an operator grasps the external peripheral 
surface 12 of the tubular body 10 to rotate the tubular body 10. The 
rotation operation of this tubular body 10 is performed by making 
at least one rotation or more, preferably three rotations to eliminate 
measurement errors . 

[0202] By detecting the radial displacement of the external 

peripheral surface 12 of the tubular body 10 in accordance with the 
rotation of the tubular body 10, the deflection of the external 
peripheral surface with respect to the internal peripheral surface 
of the tubular body 10 as a reference can be detected. 
[0203] It is preferable to continuously perform the detection of 
the displacement by the displacement detecting device 43 while 
rotating the tubular body 10. In this case, the displacement 
detecting device 43 can be provided with a function of storing the 
maximum value of the displacement from the value (reset value when 
reset) of the displacement at the time of initiating the rotation 
of the tubular body 10 while updating, a function of storing the 
maximum value and the minimum value of the displacement while updating , 
or a function of continuously storing the displacement. 
[0204] On the other hand, the detection of the displacement by the 
displacement detecting devices 43 can be performed at several rotation 
angle positions along the circumferential direction with the rotation 
of the tubular body 10 stopped. In this case too, if the detection 
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of the displacement is performed at plural positions along the entire 
peripheral surface, rough deflection of the displacement can be 
obtained. 

<Functions and results) 

[0205] In the shape measuring apparatus 4 constituted as mentioned 
above, functions and results of the shape measuring method shown in 
the aforementioned Figs. 1 to 3 can be secured. 

[0206] Especially, in the shape measuring apparatus 4 shown in Figs . 
12 to 16, since the displacement detecting devices 43 urge to press 
the tubular body 10 against the pair of reference portions 42 and 
42, it is easy to maintain a stable contact state in which the pair 
of reference portions 42 and 42 are in contact with the internal 
peripheral surface 11 of the tubular body 10. 

[0207] Especially, since the tubular body 10 is supported by the 
pedestal portion 44 in the direction of the height and therefore the 
height position is stable, a measuring operator can secure an 
appropriate measuring environment by rotating the tubular body 10 
on the pedestal portion 44 in a slidable manner while maintaining 
the pinched state in which the tubular body 10 is pinched by and between 
the pair of reference portions 42 and 42 and the displacement detecting 
devices 43. 

[0208] Furthermore, since the up-and-down direction that the 

tubular body 10 is supported by the pedestal portions 44 and 44 and 
the horizontal direction that the pair of reference portions contacts 
and the displacement is detected by the displacement detecting devices 
4 3 cross each other perpendicularly, the moving of the rotational 



58 



center of the tubular body 10 in the up-and-down direction exerts 
the least influence to the radial displacement of the external 
peripheral surface 12 at the side of the tubular body 10. For example, 
as shown in Fig. 5, even if the center of the tubular body 10 is 
displaced in the B or D direction, the displacement would not affect 
the radial displacement of the external peripheral surface to be 
detected at the position A. In the case where the tubular body 10 
has a configuration away from a perfect cylindrical shape, when the 
tubular body 10 is supported from the lower side thereof by the 
pedestal portions 44 and 44, the central position thereof will be 
moved in the up-and-down direction. 'Even if the central position of 
the tubular body 10 is displaced in the up-and-down direction, this 
displacements do not affect the radial displacement of the external 
peripheral surface of the tubular body 10 detected at the side thereof. 
As a result, stable shape measurement can be achieved, resulting in 
high reliability of the measured results. 

[0209] Furthermore, in this shape measuring apparatus 4, since the 
tubular body (work) 10 is supported from the lower side thereof by 
the pedestal portions 44 and 44 and there are a space formed at the 
upper portion of the tubular body 10 and the side portion opposite 
to the displacement detecting devices 44 and 44 (back side in Fig. 
15), the tubular body 10 can be easily set up or taken out form the 
space . Furthermore , from this space , the tubular body 10 can be easily 
grasped through the space and rotated. Since the rotating operation 
can be performed easily regardless of the manual rotation, stable 
rotation with less displacement can be attained, resulting in high 
measuring accuracy. 
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[0210] Actually, a plurality of tubular bodies with various 

displacements were subjected to shape measurement ten times 
respectively. The maximum data spread of the measured results 
(measurement deviation) was 4 Mm. This confirms that the shape 
measuring apparatus is high in reliability as a manual type shape 
measuring apparatus . 

[0211] Accordingly, in cases where the allowable range of the 
deflection of the external peripheral surface with respect to the 
internal peripheral surface of the tubular body as a standard is 20 
Mm or less, considering that the maximum measuring deviation is 4 
Mm, the inspection can be performed by selecting the tubular body 
with measured deflection of 16 Mm or less as a good item. This enables 
to obtain a group of tubular bodies in which all of them selected 
as good items fall within the allowable range assuredly. 
[0212] Furthermore, in this shape measuring apparatus 4, it is 
possible to set , rotate and remove a tubular body 10 easily . Therefore , 
in cases where each tubular body 10 is measured by making three 
rotations, the shape measurement can be completed within thirty 
seconds or less per one item. Further getting skillful, the shape 
measurement can be completed within about ten seconds per one item. 

<Modif ied embodiment > 

[0213] Although the above explanation was directed to a first 
embodiment, the present invention is not limited to it and allows 
the following structure. 

[0214] (1) In the aforementioned first embodiment, the upper 

surface of the contact member 442 of the pedestal portion 44 which 
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comes into contact with the external peripheral surface 12 of the 
tubular body 10 is configured to be horizontal. However, the upper 
surface of the contact member 442 can be configured to be dented or 
protruded. 

[0215] (2) In the aforementioned first embodiment, it is 

configured such that the pedestal portion 44 supports the tubular 
body 10 in a state in which the pedestal portion 44 is fixed to a 
prescribed position without changing the posture. However, the 
pedestal portion 44 can be constituted by one or a plurality of rollers 
or the like which come into contact with the external peripheral 
surface 12 of the tubular body 10 while being rotated. 
[0216] (3) In the aforementioned first embodiment, although two 
pedestal portions 44 and 44 are disposed at the vicinities of both 
ends of the tubular body 10, one or more than three pedestal portions 
can be employed. Although two contact portions of the pedestal 
portions are in contact with the tubular body 10 in the first 
embodiment, one or more than three contact portions can be employed. 
[0217] (4) In the aforementioned first embodiment, although the 
pair of reference portions are brought into contact with the positions 
of the tubular body to be supported when in use, the pair of reference 
portions can be brought into contact with any positions of the internal 
peripheral surface of the tubular body. It is preferable that the 
contact positions are near the positions to be supported since the 
cross-sectional shape of the position near the position to be 
supported is likely similar to that of the position to be supported. 
[0218] (5) In the aforementioned first embodiment, although each 
of the pair of reference portions 42 and 42 is configured to be a 
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spherical shape, the reference portion can take any shape so long 
as it is possible to become a reference for measuring a shape of a 
tubular body 10 by coming into contact with the internal peripheral 
surface 11 of the tubular body 10. 

[0219] (6) In the aforementioned first embodiment, although the 
pair of reference portions 42 and 42 are configured so as not to be 
rotated together with the tubular body 10, the pair of reference 
portions can be configured so as to be rotated together with the 
tubular body 10. In this case, the rotational resistance of the 
tubular body 10 can be decreased. 

[0220] (7) In the aforementioned first embodiment, although the 
pair of reference portions 42 and 42 are set to be predetermined 
positions by moving the tubular body 10 in the axial direction threreof 
at the time of setting the tubular body 10 to the shape measuring 
apparatus 4, it can be configured such that the pair of reference 
portions are moved in the axial direction of the tubular body 10 so 
that the tubular body 10 can be set to a predetermined position. 
[0221] (8) In the aforementioned first embodiment, although the 
displacement of the external surface of the tubular element is 
detected only at the position facing off against the hypothetical 
straight line passing the contact portions of the pair of reference 
portions and the tubular body, the displacement can be detected at 
any positions in the circumferential direction of the tubular body. 
[0222] (9) In the aforementioned first embodiment, although a 

plurality of detecting positions for the displacement are provided, 
the detecting position can be at least one. 

[0223] (10) In the aforementioned first embodiment, although the 
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displacement detecting devices function as pressing portions, or the 
displacement detecting devices are also used as pressing portions, 
pressing portions can be provided in addition to the displacement 
detecting devices. 

[0224] (11) In the aforementioned first embodiment, although a 
contact-type detecting device which comes into contact with the 
external peripheral surface of the tubular body 10 is exemplified 
as a displacement detector, the displacement detector is not limited 
to this so long as the radial displacement of the external peripheral 
surface 12 of the tubular body 10 can be detected. Various detecting 
devices based on various measurement principles including, for 
example, light transmittance type detectors eddy current type 
detectors, electrostatic capacity type detectors, focus type 
detectors or laser reflector type detectors, which do not come into 
contact with the external peripheral surface of the tubular element, 
can be employed. 

[0225] (12) In the aforementioned first embodiment, although a 
photosensitive drum substrate is exemplified as a tubular body to 
be measured, the tubular body is not limited to this. Conveyance 
rollers , developing rollers or transferring rollers for use in copying 
machines or the like can also be applied. In addition to the above, 
any tubular bodies can be measuring objects of the present invention. 
[0226] (13) In the aforementioned first embodiment, although it 
is configured that an operator manually rotates the tubular body 10 
with his/her hands, the rotation of the tubular body can be performed 
by bringing rollers, etc. driven by motors, etc. , into contact with 
the external peripheral surface or internal peripheral surface of 
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the tubular body 10. 
[Second embodiment] 

[0227] Next, the second embodiment will be explained. 
[0228] This second embodiment is directed to an automatic type 
shape measuring apparatus in which the tubular body 10 (work) is 
automatically rotated by the driving force of the shape measuring 
device to perform the shape measuring. 

[0229] Fig. 17 is an entire schematic perspective view of this 
automatic type shape measuring apparatus 5. Fig. 18 is an enlarged 
perspective view showing the supporting structure of the tubular body 
10 in the apparatus 5. Fig. 19 is a front cross-sectional explanatory 
view showing the principle portion of the apparatus 5. Fig. 20 is 
a side cross -sectional view showing the principle portion of the 
apparatus 5. Fig. 21 is a front cross-section showing the supporting 
status of the reference roller. Fig. 22 is a plane explanatory view 
of the tubular conveyance apparatus. Fig. 23 is a side explanatory 
view of the tubular conveyance apparatus . 

[0230] This shape measuring apparatus 5 is provided with a pair 
of reference rollers (reference portions) 52 and 52 which comes into 
contact with the internal peripheral surface 11 of the tubular body 
10 to become a reference of the shape measurement, supporting rollers 
54 which support the tubular body 10 from its lower side at both end 
portions thereof so as to rotate the tubular body 10, light 
transmittance type displacement detecting devices 53 disposed so as 
to locate the tubular body 10 therebetween in the direction 
perpendicular to the axial direction of the tubular body 10, a tubular 
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body carrying apparatus 55 for carrying in/out the tubular body 10, 
a controller 56 for controlling the operation of each part, and a 
main body base 50. 

<Pair of reference portions> 

[0231] As shown in Fig. 20, etc., each of the pair of reference 
rollers 52 and 52 comes into contact with the lower position of the 
internal peripheral surface 11 (internal lower peripheral surface) 
at the vicinity of the end portion of the tubular body 10 to constitute 
a reference for a shape measurement . 

[0232] Each of the pair of reference rollers 52 and 52 is a columnar 
member with round and smooth edges. Each of the reference rollers 
52 are rotatably attached to the corresponding reference supporting 
shaft 521 and 521 via the bearing 523 and 523. Thus, each of the 
reference rollers 52 and 52 rotatably connected to the corresponding 
reference supporting shaft 521 and 521 is in contact with the internal 
peripheral surface 11 of the tubular body 10 to be rotated in 
accordance with the rotation of the tubular body 10. Consequently, 
the reference roller 52 can smoothly rotate together with the tubular 
body 10 without preventing the rotation of the tubular body 10. 
Furthermore, each the pair of reference rollers 52 and 52 formed into 
a columnar member comes into line-contact with the internal peripheral 
surface 11 of the tubular body 10, dispersing the contact pressure, 
which in turn prevents damages of the internal peripheral surface 
11 of the tubular body 10. 

[0233] The bearing 523 is an axial load withstanding bearing. 
Concretely, as shown in Fig. 21, the bearing is constituted by a 
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dual-row angular contact ball bearing having a bearing force against 
both the axially outward load and the axially inward load (axial loads ) . 
As a result, even in cases where axial load is applied to the reference 
rollers 52 and 52 because of the bent tubular body 10 or another reasons , 
smooth rotation of the reference roller 52 can be secured, causing 
a smooth rotation of the tubular body 10, which in turn enables steady 
shape measurement . 

[0234] Each of the pair of reference supporting shaft 521 

supporting the reference roller 52 is made of a metal shaft having 
sufficiently high rigidity, and is attached so as to penetrate the 
device box 511 provided on the main base 50 disposed at the 
longitudinal end of the tubular body 10. This structure prevents the 
displacement of the position of the reference supporting shaft 521 
in any direction perpendicular to the axial direction of the tubular 
body 10 (i.e., in the up-and-down direction and in the fore-and- 
aft direction in Fig. 17), which in turn prevents the displacement 
of the position of the reference roller 52 (measuring reference 
position) in any direction perpendicular to the axial direction of 
the tubular body 10. This in turn ensures the smooth rotational 
operation of the tubular body 10. 

[0235] Furthermore, this reference supporting shaft 521 is movable 
in the axial direction of the tubular body 10 by the driving portion 
522 provided in the device box 511. This enables the setting of the 
tubular body 10 to the shape measuring apparatus by moving the pair 
of reference rollers 52 and 52 outward in the axial direction without 
the necessity of moving the tubular body 10 in the axial direction. 
In other words, this driving portion 522 functions as a 
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projecting/retracting means. The projecting/retracting operation 
of each of the pair of the reference rollers 52 and 52 is limited 
to the slide operation in the axial direction of the tubular body 
10, so that the axial position itself is immovable regardless of the 
projecting/retracting movements. As a result, the accuracy of the 
pair of reference rollers 52 and 52 as a reference for the shape 
measurement can be secured, resulting in high reliability on shape 
measurement . 

[0236] As shown in Fig. 4, each of the pair of reference rollers 
52 and 52 comes into contact with the internal peripheral surface 
of the tubular body 10 at the position (supporting position) where 
the tubular body 10 is rotatably supported by a flange or the like 
which is to be inserted in use. Therefore, the shape measurement can 
be performed under the same conditions as the actual use. 

< Supporting roller > 

[0237] The supporting rollers 54 support the tubular body 10 from 
its lower side at both end portions, and press the tubular body 10 
against the reference roller 52 at certain pressure. At the same time, 
the supporting rollers 54 carry out the following functions: a 
function of rotatably driving the tubular body 10; a function of 
positioning the axial position of the tubular body 10; a function 
of moving the tubular body 10 up and down; a function of stabilizing 
the height position of the tubular body 10 by supporting it from its 
lower side; and a function of temporarily supporting the tubular body 
10. 

[0238] Two supporting rollers 54 are positioned below each end 
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portion of the tubular body 10 at the same height, and the total of 
four supporting rollers 54 are provided to support both end portions 
of the tubular body 10. The two supporting rollers 54 and 54 
positioned at one of the end portions of the tubular body 10 are 
configured to be a pair of rollers with parallel rotational axes as 
best shown in Fig. 15. Since two supporting rollers 54 and 54 are 
disposed at each of both end portions of the tubular body 10 as 
mentioned above, the axial position of the tubular body 10 and the 
posture of the tubular body 10 can be stabilized. 

[0239] Each supporting rollers 54 includes a small diameter portion 
541 which comes into contact with the external peripheral surface 
12 of the tubular body 10 to support the tubular body 10 from its 
lower side and a concentric larger diameter portion 542 formed at 
the outside of the small diameter portion 541. 

[0240] As shown in Fig. 19, the small diameter portion 541 of the 
supporting roller 54 is configured so as to come into contact with 
the tubular body 10 at a position which is outside the contact position 
where the reference roller 52 comes into contact with the internal 
peripheral surface 11 of the tubular body 10. This enables the 
displacement detecting device 53 to detect the displacement of the 
cross-section where the reference roller 52 is in contact without 
disturbing the detection. Further, the supporting both end portions 
of the tubular body 10 stabilizes the posture of the tubular body 
10 at the time of measuring the shape. Furthermore, since it is not 
necessary to bring the supporting rollers into contact with the most 
central portion of the tubular body 10, the possibility of damage 
which will be caused by bringing the supporting rollers 54 into contact 
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with the external peripheral surface 12 of the tubular body 10 can 
be decreased. From this reason, it is preferably used especially for 
the shape measurement of photosensitive drum substrates, etc. 
[0241] The larger diameter portion 542 of the supporting roller 
54 comes into contact with the end face of the tubular body 10 to 
position the axial direction of the tubular body 10 to be set to the 
device 5. Thus, the distance between the supporting rollers 54 
disposed at both ends of the tubular body 10 is set to correspond 
with the length of the tubular body 10. Since the positioning of the 
tubular body 10 in the axial direction is carried out by the supporting 
rollers 54 supporting the tubular body 10 as mentioned above, the 
number of members to be made contact with the tubular body 10 can 
be decreased. This eliminates the possible error factors as much as 
possible. In addition, this results in high reliability in shape 
measurement. Furthermore, the possible damage of the tubular body 
10 can also be decreased. 

< Supporting structure of the supporting roller > 

[0242] Each of the aforementioned supporting rollers 54 is 

rotatably attached to the supporting roller support member 543 at 
the end of the tubular body 10. Each supporting roller support member 
543 is slidably attached to the device box 511 such that the slide 
movement direction thereof is restricted only to the up-and-down 
direction by the slide movement direction rails 547 and 547 . That 
is, the supporting roller support member 543 functions as an 
ascending/descending member, and the movement direction restriction 
rail 547 functions as a movement direction restriction means. They 
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also function as a part of ascending/descending means. Since the 
supporting rollers 54 are attached to the supporting roller support 
member 543, two supporting rollers 54 and 54 disposed at both sides 
of the tubular body 10 can maintain the relative positional 
relationship, resulting in high reliability of the shape measurement . 
Furthermore, since the slide moving direction of the supporting roller 
support member 543 is restricted, the ascending/descending direction 
of the supporting rollers 54 can be stabilized, resulting in high 
reliability of the shape measurement . 

[0243] At the lower side of the supporting rollers 54, a coupling 
roller 544 which comes into contact with the external surface of the 
larger diameter portion of each supporting roller 54 is rotatably 
connected to the supporting roller support member 543. Since two 
supporting rollers 54 and 54 are driven by the coupling roller 544 
at both sides of the tubular body 10, the rotational speed of these 
two supporting rollers 54 and 54 can be equalized. This in turn 
stabilizes the rotation of the tubular body 10, resulting in high 
reliability of the shape measurement . 

[0244] One of the pair of coupling rollers 544 and 544 is rotatably 
driven in a predetermined direction by the driving force of the driving 
motor 545 accommodated in the device box 511 to equally transmit the 
rotation of the coupling roller 544 to the two supporting rollers 
54 and 54 which are in contact with the coupling roller 544, which 
in turn rotates the tubular body 10. That is, the driving motor 545 
functions as a rotational driving means for rotating the supporting 
rollers 54. At the same time, the driving motor 545 also functions 
as a part of an ascending/descending means . As mentioned above, since 
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the rotational driving force is transmitted to the tubular body 10 
by the supporting rollers 54 and 54 supporting the tubular body 10, 
the number of members to be in contact with the tubular body 10 can 
be decreased. This contributes the accuracy of the shape measurement 
by eliminating error factors. Furthermore, since the rotation of the 
tubular body 10 is performed by a single rotation driving source, 
generation of rotational fluctuation which may occur when plural 
rotation driving sources are employed can be suppressed. The 
rotational control can also be simplified. 

[0245] The supporting roller support member 54 3 to which the 

supporting rollers 54 and 54 and the coupling roller 544 are attached 
is slidably driven in the up-and-down direction by a lifting cylinder 
546 attached to the device box 511. That is, the lifting cylinder 
546 functions as a lifting means for lifting the supporting rollers 
54 and 54. At the same time, the lifting cylinder 546 also functions 
as a part of a lifting means. 

[0246] The sliding movement of the supporting roller support member 
543 by the lifting cylinder 546 allows the movement of the tubular 
body 10 supported by the supporting rollers 54 and 54 between the 
measuring position where the lower internal peripheral surface of 
the tubular body 10 comes into contact with the reference roller 52 
and the apart position where the lower internal peripheral surface 
is apart from the reference roller 52. 

[0247] At the time of performing the shape measurement of the 
tubular body 10, the lifting cylinder 546 lifts the tubular body 10 
to the measuring position and applies a predetermined upward force 
against the supporting roller support member 543 to thereby press 
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the tubular body 10 at the measuring position against the reference 
roller 52- Thus, at the time of performing the shape measurement of 
the tubular body 10, the contact pressure between the lower internal 
peripheral surface of the tubular body 10 and the reference roller 
52 can be appropriately maintained, resulting in high reliability 
of shape measurement . 

[0248] Furthermore, since the weight of the tubular body 10 is 
supported from its lower side by the supporting rollers 54 , the contact 
pressure between the lower internal peripheral surface of the tubular 
body 10 and the reference roller 52 can be set to any contact pressure 
more than or less than the weight of the tubular body 10 irrespective 
of the weight of the tubular body 10. Thus, the most appropriate 
contact pressure for a shape measurement can be set, thereby enabling 
accurate shape measurement- In concrete, the contact pressure can 
be a pressure which does not cause substantial deformation of the 
end portion of the tubular body 10. Alternatively, a pressure which 
positively causes slight deformation of the end portion of the tubular 
body 10 can be set. 

displacement detecting device) 

[0249] The displacement detecting device 53 detects the radial 
displacement of the external peripheral surface 12 of the tubular 
body 10. In this embodiment, a total of five non-contact type 
detecting devices are provided at five positions different in axial 
position of the tubular body 10. The opposite two detecting devices 
among these five devices are disposed so as to detect the displacement 
of the cross -section of the position facing off against the reference 



72 



V 

roller 52 respectively. 

[0250] Each displacement detecting device 53 is a light 

transmittance type displacement detecting device disposed so as to 
face the tubular body 10 from the direction perpendicular to the axial 
direction of the tubular body 10. Thus, a pair of a light irradiating 
portion and a light receiving portion disposed at both sides of the 
tubular body 10 constitutes each displacement detecting portion 53. 
The light (e.g., laser beam) irradiated from the light irradiating 
portion but not interrupted by the tubular body 10 will be detected 
by the light receiving portion to thereby detect the surface position 
of the external peripheral surface 12 of the tubular body 10. 
[0251] The detecting region 531 and 532 of each displacement 

detecting device 53 has a width exceeding the diameter of the tubular 
body 10 as shown in Fig. 19 for example. Each displacement detecting 
device 53 can simultaneously detect not only the displacement of one 
position of the external peripheral surface of the tubular body 10 
but also the displacement of a position opposite to the aforementioned 
one position (a position moved from the position by a half peripheral 
length of the tubular body 10 in the circumferential direction thereof, 
a position rotated from the position by 180 degrees, or an opposite 
phase position). Thus, by combining the displacements detected at 
the opposite positions, the diameter of the tubular body 10 passing 
these two positions can be obtained, to thereby grasp the shape of 
the tubular body 10 more concretely. 

[0252] As a result, the displacement detecting device 53 enables 
a shape measurement in the same manner as in the shape measuring method 
shown in Figs. 10 and 11. 
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<Tubular body carrying apparatus > 

[0253] As shown in Figs. 22 and 23, the tubular body carrying 
apparatus 55 is provided with a first carrying apparatus 551 for 
carrying the tubular body 10 to be fed to the shape measuring apparatus 
5 from a certain carry-in position 55A to the above of the supporting 
rollers 54 and 54 on which the shape measurement is to be performed 
and a second carrying apparatus 552 for carrying the tubular body 
10 whose shape measurement was completed from the supporting rollers 
45 and 45 to a certain carry-out position 55B. 

[0254] The first carrying apparatus 551 is provided with carrying 
arms 553 and 553 to be disposed at both ends of the tubular body 10. 
At the tip of each carrying arm 553, a pick-up protrusion 554 to be 
inserted into the tubular body 10 is provided. Also provided to the 
first carrying apparatus 551 are slide driving sources 551 and 551 
for moving the carrying arm 553 in the axial direction of the tubular 
body 10 and a moving rail 556 for moving the carrying arm 553 with 
the tubular body 10 picked up by the pick-up protrusion 554 from the 
carry-in position 55A to the position above the supporting rollers 
54 and 54. 

[0255] Similarly, the second carrying apparatus 552 is also 

provided with carrying arms 553 and 553 to be disposed at both ends 
of the tubular body 10. At the tip of each carrying arm 553, a pick-up 
protrusion 554 to be inserted into the tubular body 10 is provided. 
Also provided to the second carrying apparatus 552 are slide driving 
sources 555 and 555for moving the carrying arm 553 in the axial 
direction of the tubular body 10 and a moving rail 556 for moving 
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the carrying arm 553 from the position above the supporting rollers 
54 and 54 to the carry-out position 55B. 

<Controller> 

[0256] A controller (controlling means) 56 generally controls the 
operation of each potion of the shape measuring apparatus 5, and 
constituted by a sequencer or the like as a computer equipped with 
CPUs and memories, etc. 

[0257] Examples of operation portions to be controlled by the 
controller 56 include driving portions for driving the pair of 
reference rollers 52, driving motors 545 and 545, lifting cylinders 
546 and 546 for lifting the supporting rollers 54, displacement 
detecting devices 53 for performing the shape measurement of the 
tubular body 10, slide driving sources 555 and 555 of the first 
carrying apparatus 551 and slide driving sources 555 of the second 
carrying apparatus 552. The controller 56 controls each of these 
operation portions at respective timing of the shape measuring 
procedures . 

[0258] The shape measuring procedures to be executed under the 
control of the controller 56 can be exemplified as follows. 
[0259] The controller 56 first controls the first carrying 

apparatus 551 so as to carry the tubular body 10 from the carry- 
in position 55A to a position above the supporting rollers 54. 
[0260] Concretely, the carrying arms 555 and 555 are moved by the 
moving rail 556 to the carry-in position 55A in a state in which the 
carrying arms are opened outward by the slide driving sources 55 5 
and 555. Then, the distance of the carrying arms 553 and 553 is 
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narrowed by the slide driving sources 555 and 555 to insert the pick-up 
protrusions 554 and 554 into the tubular body 10. In this state, the 
carrying arms 553 and 553 are moved from the carry-in position 55A 
to the position above the supporting rollers 54 and 54 by the moving 
rails 556 and 556 to carry the tubular body 10. The rail track of 
the moving rail 556 extends obliquely upward from the carry- in 
position, then approximately horizontally to the position above the 
supporting rollers 54 and 55, and then obliquely downward therefrom. 
This rail track configuration prevents the tubular body 10 to be 
carried from interfering with the displacement detecting devices 53. 
[0261] At the time of the carry-in of this tubular body 10, the 
controller 56 controls the driving portions 522 and 522 so that the 
pair of reference rollers 52 and 52 are retracted outward. This 
prevents the tubular body 10 to be carried- in from interfering with 
the reference rollers 52 and 52. 

[0262] When the tubular body 10 is carried at the position above 
the supporting rollers 54 and 54, the first carrying apparatus 551 
unloads the tubular body 10 on the small diameter portions 541 of 
the supporting rollers 54 and 54 by moving the carrying arms 553 and 
553 outward by the slide driving sources 555 and 555. Thereafter, 
with the carrying arms 553 and 553 opened, the carrying arms 553 and 
553 are returned to the carry-in position 55A by the moving rails 
556 and 556 to prepare for the subsequent carrying operation. 
[0263] Subsequently, the controller 56 controls the driving 

portions 522 and 522 so as to insert the pair of reference rollers 
52 and 52 into the tubular body 10. With this state, the controller 
56 controls the lifting cylinders 546 and 546 so as to lift the tubular 
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body 10 together with the supporting rollers 54 and 54. 
[0264] When the pair of reference rollers 52 an 52 come into contact 
with the internal peripheral surface 10 of the tubular body 10 , the 
tubular body 10 is pressed against the pair of reference rollers 52 
and 52 at a predetermined pressure. With this state, the driving 
motors 545 and 545 rotate the tubular body 10 via the coupling rollers 
544 and the supporting rollers 54 and 54. 

[0265] At this time, the radial displacement of the external 
peripheral surface 12 of the tubular body 10 at each axial 
cross -section of the tubular body 1 is detected by each displacement 
detecting device 53. 

[0266] When the detection of the displacement of the entire 

periphery of the tubular body 10 is completed, in accordance with 
the procedure opposite to the aforementioned procedure, the rotation 
of the tubular body 10 is stopped, the tubular body 10 is lowered 
to release the contact state with the reference rollers 52 and 52, 
and then the pair of reference rollers 52 and 52 are retracted outward 
again. 

[0267] Subsequently, in a manner similar to the carry-in procedure 
by the first carrying apparatus 551, the controller 56 controls the 
second carrying apparatus 552 so as to carry out the tubular body 
10 whose shape measurement was completed from the portion above the 
supporting rollers 54 and 54 to complete a sequence of shape measuring 
operation of a single piece of the tubular body 10. 

<Functions and effects > 

[0268] The shape measurement apparatus 5 constituted as mentioned 
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above can have the functions and effects of the shape measurement 
method disclosed by Figs. 10 and 11. 

[0269] Furthermore, according to this automatic type shape 

measurement apparatus 5, when the tubular body 10 is placed on the 
supporting rollers 54 and 54 , the shape measurement can be performed 
automatically, enabling an easy employment into an automated line. 
[0270] Furthermore, the supporting rollers 54 and 54 for supporting 
the tubular body 10 simultaneously carry out plural functions, i.e. , 
a function of transferring the rotational driving force to the tubular 
body 10, a function of positioning the axial position of the tubular 
body 10, a function of lifting the tubular body 10, and a function 
of supporting the tubular body 10 from the lower side thereof to 
maintain the contact state with the reference rollers 52 and 52. As 
a result, a structure having less number of moving portions has been 
attained by integrating operating portions for setting the tubular 
body 10 to the shape measuring position or for performing the shape 
measurement. Furthermore, the number of parts which come into 
contact with the tubular body 10 as a measuring object can be decreased . 
This eliminates error factors to contribute accurate shape 
measurement and enables high reliability of shape measurement . 
[0271] Furthermore, the supporting rollers 52 and 52 support the 
tubular body 10 at its end portions, enabling the cross -sections 
corresponding to the contact portions of the pair of reference rollers 
52 and 52 to be measured. Accordingly, as mentioned above, the 
thickness distribution of the tubular body 10 can be obtained, and 
therefore, the shape of the tubular body 10 can be specified in more 
detail . 
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[0272] Furthermore, the employment of the non-contact type 

displacement detecting devices 53 eliminates damages to the external 
peripheral surface of the tubular body 10. 

[0273] Furthermore, since this non-contact type displacement 

detecting device 53 is a light transmittance type displacement 
detecting device, the light is diffracted at the vicinity of the 
external peripheral surface 12 of the tubular body 10 which blocks 
the light to reach the light receiving portion, and therefore, 
appropriate detection results in which displacements of the external 
peripheral surface 12 due to unnecessary fine surface defects are 
deleted can be obtained. 

[0274] At the time of setting the tubular body 10 to the shape 
measuring apparatus 5, the pair of reference rollers 52 and 52 are 
not moved in a direction perpendicular to the axial direction of the 
tubular body 10 . Consequently, the position to be fixed as a reference 
portion can be stabilized, contributing to accurate shape 
measurement . 

[0275] The tubular body 10 is pressed against the reference rollers 
52 and 52 while contacting the supporting roller 54 to the end portion 
of the tubular body 10, causing burrs generated at the end face of 
the tubular body 10 at the time of cutting the tubular body 10 to 
be removed. As a result, it is possible to assuredly keep the state 
in which the tubular body 10 is in contact with the supporting rollers 
54 and 54, resulting in high precision of the shape measurement. 
Furthermore, this shape measuring apparatus 5 can also be used as 
a burr removing apparatus . 

[0276] Using this automatic shape measuring apparatus 5, concrete 
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shape measurements were performed against a plurality of tubular 
bodies with various displacements ten times, respectively. As a 
result, as shown in Fig. 24, the scattering of each measured result 
(measurement error) was 3 Mm at the maximum, confirming the high 
reliability. This measurement error is an extremely excellent value 
for a tubular body shape measuring apparatus capable of being 
mass-produced, and therefore, it is possible to eliminate the cases 
in which a good item is erroneously judged as a defective item by 
decreasing the room for absorbing the measurement errors. 
[0277] In the case where the allowable range of the external 

peripheral surface deflection with respect to the internal peripheral 
surface of the tubular body as a reference is, for example, 20 M 
m or less which is a total of the working limit precision level of 
each defective factor of the tubular body 10 including bentness or 
unevenness, a selection of a good tubular body can be performed by 
picking a tubular body with a deflection of 17 Mm or less in 
consideration of the maximum measurement error of 3 Mm. By this 
selection, a group of tubular bodies in which all of the items regarded 
as good items assuredly fall within an allowable range of 20 Mm or 
less can be obtained while minimizing the number of items 
misclassif ied as defective items. 

[0278] Furthermore, when the selection of tubular bodies is 

performed by setting a threshold in consideration of measurement 
errors, a group of preferable tubular bodies each having a deflection 
of 15 Mm or less can be obtained. Furthermore, a group of more 
preferable tubular bodies each having a deflection of 10 Mm or less, 
which is a very difficult level for a conventional method of 
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manufacturing tubular bodies, or a group of extremely preferable 
tubular bodies each having a deflection of 5 //m or less can be obtained. 
Ultimately, a group of tubular bodies each having a deflection of 
3 Mm (maximum measurement error) or less can be obtained. 
[0279] In this tubular body shape measuring apparatus 5, a series 
of processes, i.e., automatically carrying in, setting, measuring, 
and carrying out the tubular body 10, can be completed in about 60 
seconds or less per one piece. At the time of high-speed operation, 
the series of processes can be completed in 30 seconds or less, 10 
seconds or less, or 5 seconds or less per one piece. 
[0280] As will be understood from the above, since this shape 
measuring apparatus 5 can perform the shape measurement of each 
tubular body at high speed, a shape measurement and a 
acceptance/rejection determination can be easily applied to all of 
tubular bodies to be manufactured, which in turn guarantees that each 
deflection of all the shipping tubular bodies each having a known 
working precision limit level falls within a predetermined range. 
[0281] For example, a photosensitive drum substrate is carried, 
dealt with a plurality of pieces as a unit accommodated in a box or 
the like. One unit usually includes ten pieces or more, for example 
80 or 140 pieces. According to this shape measuring apparatus 5, it 
is possible to guarantee that all of them fall within an allowable 
range, e.g., 20 Mm or less. 

<Modified embodiment s> 

[0282] Although the second embodiment was explained, the present 
invention is not limited to this. The present invention can be 
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variously modified, like the aforementioned first embodiment, and 
also can be constituted as follows. 

[0283] (1) In the aforementioned second embodiment, although the 
pair of reference portions are brought into contact with the positions 
to be supported when the tubular body is used, they can be brought 
into contact any position within the internal peripheral surface of 
the tubular body. It is preferably for the vicinity of the portion 
to be supported since there is a high possibility that the portion 
to be supported and the vicinity thereof resemble in cross -sectional 
shape . 

[0284] (2) In the aforementioned second embodiment, although the 
shape measurement was performed with the axial direction of the 
tubular body 10 placed nearly horizontally, the measurement can be 
performed with the axial direction of the tubular body 10 placed nearly 
vertically. This decreases the deflection of the tubular body 10 due 
to its own weight, enabling accurate shape measurement of the tubular 
body 10. 

[0285] (3) In the aforementioned second embodiment, although the 
positions facing off against the hypothetical line passing the contact 
portions between the pair of reference portions and the tubular body 
and the opposite positions are selected as the displacement detecting 
positions, any other position along the peripheral direction thereof 
can be selected as detecting positions. 

[0286] (4) In the aforementioned second embodiment, although a 
plurality of detecting positions are provided, only one detecting 
position can be provided. 

[0287] (5) In the aforementioned second embodiment, although a 
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photosensitive drum substrate is exemplified as a tubular body 10 
to be subjected to the shape measurement, the present invention is 
not limited to this, but can also be applied to a carrying roller, 
a developing roller , a transferring roller for use in copying machines , 
etc. Furthermore, any other tubular body can be a measuring object 
of the present invention. 

[0288] (6) In the aforementioned second embodiment, although a 
light transmittance type displacement detecting device (light 
transmittance type optical sensor) which does not come into contact 
with the tubular body 10 is exemplified as a displacement detecting 
device, the displacement detecting device is not limited to the above 
so long as it is possible to detect the radial displacement of the 
external peripheral surface 12 of the tubular body 10. As a 
displacement detecting device, it is possible to employ any detecting 
device based on various measuring principles , such as a contact type 
displacement sensor with a contact arm which comes into contact with 
the external peripheral surface of the tubular body 10 to detect the 
displacement, a reflection optical sensor capable of detecting the 
displacement in a non-contact state, an all-purpose image processing 
CCD camera or line camera capable of detecting the displacement in 
a non-contact state and applicable to any material, a current- type 
displacement sensor capable of detecting the displacement in a 
non-contact state and high in accuracy, high in processing speed, 
strong in environment and low in cost , a capacitance- type displacement 
sensor capable of detecting the displacement in a non-contact state 
and high in accuracy, an air- type (differential pressure type) 
displacement sensor capable of detecting the displacement in a 
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non-contact state, or an ultrasonic type displacement sensor capable 
of performing a long distance measurement. 

[0289] (7) In the aforementioned second embodiment, although the 
bearing 523 rotatably supporting the reference portion (reference 
roller) 52 is inserted into the tubular body 10 together with the 
reference roller 52, such a bearing can be disposed at the outside 
of the tubular body 10, In concretely, as shown in Fig. 25, an 
embodiment in which the reference roller 524 is immovably fixed to 
the supporting shaft 525 rotatably supported by the bearing 526 at 
the outside of the tubular body 10 can be exemplified. This enables 
a larger bearing to be employed without being restricted by the inside 
size of the tubular body 10, causing a stable rotation of the reference 
portion, resulting in high reliability. 

[0290] (8) In the aforementioned second embodiment, although the 
tubular body carrying apparatus 5 5 for carrying the tubular body 10 
is employed, it can be structured such that the tubular body 10 is 
carried in to or out from the shape measuring position over the 
supporting rollers 54 with operator's hands. 

[0291] (9) In the aforementioned second embodiment, although the 
movement direction restriction means is constituted by two movement 
direction restriction rails 547 and 547, any structure constituted 
by a single rail, three or more rails, or a protrusion or a dented 
portion extending in the movement direction can be employed so long 
as it is possible to restrict the movement direction. 
[ 0292 ] ( 10 ) In the aforementioned second embodiment , although the 
displacement of the external peripheral surface of the tubular body 
10 is detected while rotating the tubular body 10, the detection of 
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the displacement of the external peripheral surface can be performed 
by intermittently stopping the rotation of the tubular body 10. 

[ Third embodiment ] 

[0293] Next, the third embodiment of the present invention will 
be explained. 

[0294] In the third embodiment, the supporting rollers 54, etc., 
which are directly supported by the lifting cylinder 546 in the 
aforementioned second embodiment, are supported by a swing member 
571 and a weight 574. 

[0295] Hereinafter, the difference between this embodiment and the 
aforementioned embodiment will be explained, and therefore, 
cumulative explanation will be omitted by allotting the same reference 
numeral to the corresponding portion. 

[0296] Fig. 26 is an enlarged perspective view showing the 

supporting structure for supporting the tubular body 10 according 
to the third embodiment. Fig. 27 is a front cross-sectional view 
showing the supporting state of the reference roller. Fig. 28 is a 
side view showing the supporting state of the supporting rollers. 
[0297] As shown in Fig. 26, in this third embodiment too, the pair 
of reference rollers 52 and 52 come into contact with the lower 
position (internal lower surface) of the internal peripheral surface 
11 of the tubular body 1 at the vicinity of the end portion thereof 
to constitute the shape measuring reference. 
298 

[0298] As shown in Fig. 27, each of the pair of reference rollers 
52 and 52 of the third embodiment is a member having an arc- shaped 
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external peripheral surface in cross - section . Each of the reference 
rollers 52 is rotatably attached to the corresponding reference 
supporting shaft 521 and 521 via the bearing 523. Thus, each of the 
reference rollers 52 rotatably connected to the corresponding 
reference supporting shaft 521 is in contact with the internal 
peripheral surface 11 of the tubular body 10 to be rotated in 
accordance with the rotation of the tubular body 10. Consequently, 
the reference roller 52 can smoothly rotate together with the tubular 
body 10 without preventing the rotation of the tubular body 10. 
Furthermore, each of the pair of reference rollers 52 and 52 formed 
into an arc-shape in cross-section causes the roller to come into 
line-contact with the internal peripheral surface 11 of the tubular 
body 10, enabling the distance from the rotational axis of the 
reference roller 52 to the contact portion with the tubular body 10 
to be kept constant assuredly. 

[0299] As shown in Fig. 26, in this third embodiment too, the 
supporting rollers 54 and 54 are attached to the supporting roller 
support member 543, and the sliding direction of this supporting 
roller support member 543 is restricted by the movement direction 
restriction rails 547 and 547 only in the up-and-down direction. 
[0300] A driving belt 545b is put on the driving shaft 545a of the 
driving motor (rotational driving means) 54 5 and the coupling roller 
544, so that the driving motor 545 rotates the coupling roller 544 
via the driving belt 54 5b. The driving motor 545 is immovably fixed 
in the device box 511 so as not to move up and down together with 
the supporting rollers 54 and the coupling roller 544 because of the 
driving force transmitting mechanism. This enables the supporting 
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rollers 54 and the supporting roller support member 543 to be moved 
up and down with small force . 

[0301] The supporting roller support member 543 is supported by 
the swing member 571. This swing member 571 is supported in a 
pivotable manner by the supporting shaft (fulcrum) 572 at the 
longitudinal central position thereof. This swing member 551 is 
provided at its one end thereof with an elongated hole 573 to which 
the supporting roller support member 543 is attached in a pivotable 
manner. This attachment allows the supporting roller support member 
543 to be slid up and down. 

[0302] At the other end of this swing member 571, the aforementioned 
weight 574 is attached. This weight 574 enables the moment about the 
supporting shaft (fulcrum) 572 by the weight to be balanced with the 
moment about the supporting shaft (fulcrum) 572 by the weight of 
supporting roller support member 543 and the supporting rollers 54 
and 5 4 moved up and down with the supporting roller support member 
543. In other words, the swing member 571 and the weight 574 support 
the weight of the supporting roller support member 543 and members 
moved up and down together with the supporting roller support member 
543 so as to function as a weight supporting means for supporting 
the supporting roller support member 543. 

[0303] This weight 554 is screwed into the other end of the swing 
member 571 via the screw portion 575 so that the distance between 
the supporting shaft (fulcrum) of the swing member 571 and the weight 
574 can be adjusted by adjusting the screwed amount. That is, this 
screw portion 575 functions as a weight position adjusting means. 
Because of this attaching structure, it is possible to adjust such 
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that the weight 574 is balanced with the supporting roller support 
member 543, etc. Therefore, even in cases where the tubular body 10 
as a shape measuring object, the supporting roller 54, etc. are changed 
in size, etc., this apparatus can cope with such a change. 
[0304] At the other end of the swing member 571, an air cylinder 
576 for driving the swing member 571 is attached. This air cylinder 
576 drives the swing member 571, giving a prescribed upward force 
to the supporting roller support member 543 disposed at the measuring 
position, which in turn causes the tubular body 10 to be pressed 
against the reference roller 52 via the supporting rollers 54 and 
54. That is, this air cylinder 576 functions as a pressing force 
giving means. This air cylinder 576 is designed so that the swing 
member 571 can be driven clockwise and counterclockwise, and therefore 
the air cylinder 576 also functions as a means for moving the 
supporting roller support member 543 between the measuring position 
and the standby position. 

[0305] As mentioned above, the structure in which only the force 
for pressing the tubular body 10 against the reference roller 52 is 
imposed on the air cylinder 576 by imposing the weight of the 
supporting roller support member 54 3 and members to be moved together 
with the supporting roller support member 54 3 to the swing member 
571 and the weight 574 is employed, decreasing the force to be imposed 
on the air cylinder 576. This enables the force of the air cylinder 
576 to be accurately set and controlled, which in turn enables the 
accurate setting of the contact pressure between the tubular body 
10 and the reference roller 52 to attain high reliability on the shape 
measurement . 
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[0306] The contact pressure between the tubular body 10 and the 
reference roller 52 and/or the contact pressure between the tubular 
body 10 and the supporting roller 54 can be set to a pressure not 
causing a substantial deformation of the end portion of the tubular 
body 10 . Alternatively, such contact pressure can be set to a pressure 
positively causing slight deformation of the end portion of the 
tubular body 10 to perform the shape measuring while correcting the 
cross -sectional shape of the tubular body 10. 

[0307] In a state in which the weight 574 and the supporting roller 
support member 543, etc. are balanced without driving the air cylinder 
576, the supporting roller support member 543 can be positioned at 
the measuring position or the standby position. In the case where 
the weight 574 is adjusted such that the supporting roller support 
member 543 takes the standby position, there is an advantage that 
the supporting roller support member 543 can be lifted by the air 
cylinder 576 only having a driving force for lifting the supporting 
roller support member 543. 

<Modif led embodiments > 

[0308] Although the third embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
and second embodiment, various modifications can be made as follows. 
[ 0309 ] ( 1 ) Although the pressing force giving means is constituted 
by an air cylinder in the aforementioned third embodiment, the means 
can be constituted by various actuators, such as a hydraulic cylinder 
or an electric motor using electric power. 
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[ Fourth embodiment ] 

[0310] Next, the fourth embodiment will be explained. 

[0311] In this fourth embodiment, the weight supporting means 

constituted by the swing member 571 and the weight 574 in the third 

embodiment is replaced with the elastic member 581. 

[0312] Hereinafter, the difference between this embodiment and the 

aforementioned embodiment will be explained, and therefore, 

cumulative explanation will be omitted by allotting the same reference 

numeral to the corresponding portion. 

[0313] Fig. 29 is a side view showing the supporting status of the 
supporting rollers according to the fourth embodiment. 
[0314] As shown in Fig. 29, in this fourth embodiment, supporting 
rollers 54 and 54 are attached to the supporting roller support member 
543. The sliding direction of this support member 543 is restricted 
to the up-and-down direction of the movement direction restriction 
rails 547 and 547. 

[0315] This supporting roller support member 543 is urged upward 
by the elastic member 581, such as a spring, which supports the weight 
of the supporting roller support member 543 and the supporting rollers 
54 and 54, etc. moved up and down together with the support member 
543. That is, the elastic member 581 functions as a weight supporting 
means for supporting the weight of the supporting roller support 
member 543 and members moved up and down together with the support 
member 543. 

[0316] In the state of being supported by the elastic member 581, 
the supporting roller support member 543 is situated at the standby 
position where the internal peripheral surface 11 of the tubular body 
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10 supported by the supporting rollers 54 is apart from the reference 
roller 52. 

[0317] This elastic member 581 is in contact with the supporting 
roller support member 543 at the upper end portion, and is engaged 
with the engaging member 583 screwed on the spring supporting shaft 

582 on the main base 50 at the lower end portion. This engaging member 

583 can be adjusted in the height position by adjusting the screwed 
amount with respect to the spring supporting shaft 582, enabling the 
adjustment of the lower end position of the elastic member 581 or 
the height position of the supporting rollers 54 and 54. That is , 
this engaging member 583 functions as a height position adjusting 
means of the supporting roller support member 543. Because of this 
structure, even in cases where the size, etc. of the tubular body 
10 as a shape measuring object and/or the supporting rollers 54 is 
changed, the height position of the supporting roller support member 
543 can be adjusted appropriately. 

[0318] Provided under the supporting roller support member 543 is 
an air cylinder 584 for lifting the supporting roller support member 
543 up to the measuring position where the tubular body 10 on the 
supporting rollers 54 and 54 comes into contact with the reference 
roller 52 and further pressing the tubular body 10 against the 
reference roller 52 at a prescribed pressure. That is, the air 
cylinder 584 functions as a pressing force giving means. 
[0319] According to the shape measuring apparatus of the fourth 
embodiment, like the aforementioned third embodiment, since the 
weight of the supporting roller support member 543 and members moved 
upward and downward together with the support member 543 can be 
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received by the elastic member 581, the air cylinder 584 can simply 
undertake the pressing force for pressing the tubular body 10 against 
the reference roller 52 via the supporting rollers 54 and 54. This 
enables the accurate setting/controlling of the contact pressure 
between the tubular body 10 and the reference roller 52 to attain 
high reliability on the shape measurement . 

[0320] Although the fourth embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
to third embodiments, various modifications can be made as follows. 
[0321] (1) Although a spring is exemplified as the elastic member 
in the fourth embodiment, any member such as a plate spring or rubber 
can be employed as along as it exerts resilient force. 

[ Fifth embodiment ] 

[0322] Next, the fifth embodiment will be explained. 
[0323] In this fifth embodiment, although the same mechanical 
structure as in the aforementioned third embodiment is equipped, the 
pressing force for pressing the tubular body 10 on the supporting 
rollers 54 and 54 against the reference roller 52 is generated by 
the weight 574 in place of the air cylinder 576. 

[0324] Hereinafter, the difference between this embodiment and the 
aforementioned embodiment will be explained, and therefore, 
cumulative explanation will be omitted by allotting the same reference 
numeral to the corresponding portion. 

[0325] In this fifth embodiment, in the structure shown in Fig. 
28, the weight and the position of the weight 574 are set such that 
the moment about the supporting shaft 572 by the weight 574 becomes 



92 



larger than that by the supporting roller support member 543 in the 
state in which the air cylinder 576 is not driven. In this state, 
the tubular body 10 on the supporting rollers 54 and 54 is pressed 
against the reference rollers 52 and 52 at a prescribed pressure. 
That is, in the fifth embodiment, the swing member 551 and the weight 
554 urge the supporting roller support member 543, etc. upward, and 
functions as a pressing means for pressing the tubular body 10 against 
the reference roller 52 via the supporting rollers 54 and 54 at a 
prescribed pressure. 

[0326] On the other hand, the air cylinder 576 moves the supporting 
roller support member 543 downward to the standby position at the 
time of setting the tubular body 10 on the supporting rollers 54 and 
54 and taking out the tubular body 10 after the shape measurement. 
That is, in the fifth embodiment, this air cylinder 576 functions 
as a downward driving means for moving the supporting roller support 
member 543 against the force for urging the supporting roller support 
member 543 upward by the weight 574. 

[0327] Furthermore, in this fifth embodiment, the screw portion 
575 for adjusting the position of the weight 574 functions as a urging 
force adjusting means for adjusting the urging force for urging the 
supporting roller support member 543 upward. This enables 
appropriate adjusting of the pressing force for pressing the tubular 
body 10 against the reference rollers 52 and 52. 

[0328] In this structure, the pressing force for pressing the 
tubular body 10 against the reference roller 52 is given not by a 
positively driving means such as an air cylinder 576 but by a pressing 
means which automatically generates the pressing force by the swing 
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member 571 and the weight 574. Therefore, the contact pressure 
between the tubular body 10 and the reference roller 52 can be set 
accurately in advance, resulting in high reliability on the shape 
measurement . 

<Modified embodiments > 

[0329] Although the fifth embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
to fourth embodiments, various modifications can be made as follows. 
[0330] (1) Although the downward driving means is constituted by 
an air cylinder in the aforementioned fifth embodiment, it can be 
constituted by various actuators, such as a hydraulic cylinder or 
an electric motor using electric power. 

[ Sixth embodiment ] 

[0331] Next, the sixth embodiment will be explained. 

[0332] In this sixth embodiment, although the same mechanical 

structure as in the aforementioned fourth embodiment is equipped, 

the pressing force for pressing the tubular body 10 on the supporting 

rollers 54 and 54 against the reference roller 52 is generated by 

the elastic member 581 in place of the air cylinder 584. 

[0333] Hereinafter, the difference between this embodiment and the 

aforementioned embodiment will be explained, and therefore, 

cumulative explanation will be omitted by allotting the same reference 

numeral to the corresponding portion. 

[0334] In this sixth embodiment, in the structure shown in Fig. 
29, the elastic member 581 is set to generate the urging force for 
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pressing the tubular body 10 on the supporting rollers 54 and 54 
against the reference roller 52 at a prescribed pressure in the state 
in which the air cylinder is not driven. That is, in the sixth 
embodiment, the elastic member 581 functions as a pressing means for 
urging the supporting roller support member 54 3 upward and pressing 
the tubular body 10 against the reference roller 52 via the supporting 
rollers 54 and 54 at a prescribed pressure. 

[0335] On the other hand, the air cylinder 584 moves the supporting 
roller support member 543 downward to the standby position at the 
time of setting the tubular body 10 on the supporting rollers 54 and 
54 and taking out the tubular body 10 after the shape measurement. 
That is, in the sixth embodiment, this air cylinder 584 functions 
as a downward driving means for moving the supporting roller support 
member 543 against the force for urging the supporting roller support 
member 543 upward by the elastic member 581. 

[0336] Furthermore, in this sixth embodiment , the engaging portion 
583 for adjusting the lower position of the elastic member 581 
functions as an urging force adjusting means for adjusting the urging 
force for urging the supporting roller support member 543 upward. 
This enables appropriate adjusting of the pressing force for pressing 
the tubular body 10 against the reference rollers 52 and 52. 
[0337] In this structure, the pressing force for pressing the 
tubular body 110 against the reference roller 52 is given not by a 
positively driving means such as an air cylinder 584 but by a pressing 
means which automatically generates the pressing force by the elastic 
member 581. Therefore, the contact pressure between the tubular body 
10 and the reference roller 52 can be set accurately in advance. 
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resulting in high reliability on the shape measurement . 
<Modified embodiments > 

[0338] Although the sixth embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
to fifth embodiments, various modifications can be made as follows. 
[0339] (1) Although the downward driving means is constituted by 
an air cylinder in the aforementioned sixth embodiment, it can be 
constituted by various actuators, such as a hydraulic cylinder or 
an electric motor using electric power. 

[Seventh embodiment] 

[0340] Next, the seventh embodiment will be explained. 
[0341] Although the elastic member 581 and the air cylinder 584 
are disposed in parallel in the sixth embodiment (Fig. 29), in this 
seventh embodiment, the elastic member 591 and the air cylinder 594 
are disposed in series. 

[0342] Hereinafter, the difference between this embodiment and the 
aforementioned embodiment will be explained, and therefore, 
cumulative explanation will be omitted by allotting the same reference 
numeral to the corresponding portion. 

[0343] Fig. 30 is a side view showing the supporting status of the 
supporting rollers in the shape measuring apparatus according to the 
seventh embodiment . 

[0344] As shown in Fig. 30, in this seventh embodiment, supporting 
rollers 54 and 54 are attached to the supporting roller support member 
543. The sliding direction of this support member 543 is restricted 
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to the up-and-down direction of the movement direction restriction 
rails 547 and 547. 

[0345] This supporting roller support member 543 is supported by 
the air cylinder 594 installed on the main base 50 via the elastic 
member 591 such as a spring. 

[0346] This air cylinder 594 is provided with a spring supporting 
shaft 592 at its operational end portion. An engaging member 593 is 
screwed on the screw-thread formed in the spring supporting shaft 
592 . The lower end of this elastic member 591 is fixed to this engaging 
member 59 3. 

[0347] This engaging member 593 can be adjusted in height position 
by adjusting the screwed amount to the spring supporting shaft 592. 
This enables the adjustment of the lower end position of the elastic 
member 591 with respect to the operational end portion 595 of the 
air cylinder 594. 

[0348] The air cylinder 594 moves the supporting roller support 
member 543 up and down via the elastic member 591 between the measuring 
position where the tubular body 10 on the supporting rollers 54 and 
54 comes into contact with the reference roller 52 and the standby 
position where the tubular body 10 is away from the reference roller 
52. In the state in which the supporting roller support member 543 
has reached the measuring position, the air cylinder 59 4 further 
pushes up the operational end portion 59 5 to thereby press the tubular 
body 10 against the reference roller 52 at a prescribed pressing force. 
That is, the air cylinder 594 functions an elevating means. 
[0349] The operational end portion 595 of the air cylinder 594 comes 
into contact with a stopper 596 provided at a predetermined height 
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position so as not to exceed a predetermined upper limit height 
position. The engaging member 593 for adjusting the lower end height 
position of the elastic member 591 with respect to the operational 
end portion 595 is adjusted such that the urging force of the elastic 
member 591 generates a predetermined pressing force for pressing the 
tubular body 10 against the reference roller 52 when the operational 
end portion 595 is in contact with the stopper 596. That is, this 
engaging member 593 functions as an urging force adjusting means by 
the elastic member 591. 

[0350] In this shape measuring apparatus according to the seventh 
embodiment, the pressing force for pressing the tubular body 10 
against the reference roller 52 is given not by a positively driving 
means such as an air cylinder 594 but by the elastic member 591 which 
automatically generates the pressing force. The urging force of this 
elastic member 591 can be set to an appropriate value by the engaging 
member 593 in advance, enabling the contact pressure between the 
tubular body 10 and the reference roller 52 to be set accurately, 
which in turn results in high reliability on the shape measurement. 
[0351] In this seventh embodiment, the urging force of the elastic 
member 591 is adjusted by adjusting the height position of the engaging 
member 593. However, the urging force can be adjusted by adjusting 
the height position of the stopper 596 which sets the upper limit 
of the lifting operation of the air cylinder (lifting means) 594. 

<Modified embodiments > 

[0352] Although the seventh embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
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to sixth embodiments, various modifications can be made as follows. 
[0353] (1) Although the lifting means is constituted by an air 
cylinder in the aforementioned seventh embodiment, it can be 
constituted by various actuators, such as a hydraulic cylinder using 
an oil pressure or an electric motor using electric power. 

[ Eighth embodiment ] 

[0354] Next, the eighth embodiment will be explained. 

[0355] In the following explanation, the difference between this 

embodiment and the aforementioned embodiment will be explained, and 

therefore, cumulative explanation will be omitted by allotting the 

same reference numeral to the corresponding portion. 

[0356] Fig. 31 is a front cross-sectional view showing the 

supporting status of the tubular body according to the eighth 

embodiment . 

[0357] In this eighth embodiment, each supporting roller 60 is 
formed to have a tapered surface 61 at the external peripheral surface, 
so that the tapered surface 61 comes into contact with the end portion 
of the tubular body 10. 

[0358] Thus, while supporting the tubular body 10, each supporting 
roller 60 does not almost come into contact with the external 
peripheral surface 12 of the tubular body 10 except for the vicinity 
of the external end portion, causing no damage on the external 
peripheral surface of the tubular body 10. Accordingly, even if the 
tubular body is a photosensitive drum substrate with an external 
peripheral surface 12 used as a photosensitive layer, the shape 
measurement can be performed without causing no damage on the external 
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peripheral surface 12 of the tubular body 10. 

[0359] Furthermore, since the supporting rollers 60 come into 
contact with both end portions 13 and 13 of the tubular body 10, any 
possible burr remained on the end face of the tubular body 10 will 
be removed, resulting in high accuracy. Furthermore, this shape 
measuring apparatus 5 can be functioned as a burr removing processing 
apparatus . 

[0360] Although the eighth embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
to seventh embodiments, various modifications can be made. 

[Ninth embodiment] 

[0361] Next, the ninth embodiment will be explained. 
[0362] A tubular body 10 such as a photosensitive drum substrate 
will be used in a state in which a flange 80 with a sufficiently accurate 
circular shape is forcibly inserted as shown in Fig. 4, and therefore, 
in many cases, the cross -sectional shape of each end portion of the 
tubular body 10 will be corrected at the time of the actual case. 
[0363] In view of the circumstances, in the ninth embodiment, the 
shape of the tubular body 10 is measured while temporarily correcting 
the shape of each end portion of the tubular body 10 to thereby grasp 
the shape of the tubular body in a condition similar to the actual 
condition in use . 

[0364] In the following explanation, the difference between this 
embodiment and the aforementioned embodiment will be explained, and 
therefore, cumulative explanation will be omitted by allotting the 
same reference numeral to the corresponding portion. 
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[0365] Fig. 32 is a schematic view for explaining a shape measuring 
method of a tubular body according to the ninth embodiment, and Fig. 
33 is a side view thereof. 

[0366] As shown in Figs. 32 and 33, in the shape measuring method 
of a tubular body according to the ninth embodiment, each of the end 
portions 13 and 13 of the tubular body (work) 10 is corrected by an 
inner correcting roller 62 and an outer correcting roller 64, and 
the radial displacement of the external peripheral surface 12 of the 
tubular body 10 rotating while being corrected is detected by 
displacement detecting devices 30. 

<Correcting roller) 

[0367] At the time of performing the shape measurement, the inner 
correcting roller 62 and the outer correcting rollers 64 are brought 
into contact with the internal peripheral surface 11 of the end portion 
13 of the tubular body and the external peripheral surface 12 to 
temporarily correct the cross-sectional shape of the end portion 13 
of the tubular body 10. 

[0368] The inner correcting roller 62 is disposed at each end of 
the tubular body 10, and therefore, a total of two inner correcting 
rollers are disposed. Two outer correcting rollers 64 are disposed 
at each end of the tubular body 10, and therefore, a total of four 
inner correcting rollers are disposed. 

[0369] Two outer correcting rollers 64 and 64 disposed at each end 
portion of the tubular body 10 stabilize the position of the axis 
of the tubular body 10 and the posture of the tubular body 10, enabling 
the correction of the cross -sectional shape of each end portion of 



101 



the tubular body 10 with high degree of accuracy. Furthermore, this 
enables the tubular body 10 to be supported stably. 
[0370] Furthermore, the tubular body 10 is pinched by and between 
the inner correcting rollers 62 and the outer correcting rollers 64 
and 64 from the inside thereof and the outside, enabling steady holding 
of the tubular body 10. 

[0371] Furthermore, since the inner correcting roller 62 and the 
outer correcting rollers 64 are disposed at the inside of the tubular 
body 10 and the outside, respectively, correcting force can be given 
to the tubular body 10 while closely disposing these rollers. In this 
embodiment, the inner correcting roller 62 and the outer correcting 
rollers 64 and 64 are disposed at the lower half region of the tubular 
body 10 falling within the angle of 90 degrees or less. Therefore, 
the inner correcting roller 62 and the outer correcting rollers 64 
and 64 are positioned firmly, enabling each end portion of the tubular 
body 10 to be corrected accurately. 

[0372] The inner correcting roller 62 and the outer correcting 
rollers 64 and 64 are in contact with the inner peripheral surface 
11 of the tubular body 10 and the outer peripheral surface 12, 
respectively, at different circumferential positions of the tubular 
body 10. Concretely, the inner correcting roller 62 is positioned 
between the outer correcting rollers 64 and 64. Since the inner 
correcting roller 62 and the outer correcting rollers 64 are disposed 
at different circumferential positions within a narrow region in the 
circumferential direction of the tubular body 10 as mentioned above, 
correcting force is given to the tubular body 10 effectively, enabling 
accurate shape correction. 



102 



[0373] The portions of the tubular body 10 to which the inner 
correcting roller 62 and the outer correcting rollers 64 and 64 contact 
are portions of the internal peripheral surface 11 and the external 
peripheral surface 12 corresponding to the portions (hatched region 
S in Fig. 4) supported by the flange 80 when the tubular body 10 is 
actually used. Thus, the inner correcting roller 62 and the outer 
correcting rollers 64 are configured to correct the shape of the 
portion expected to be corrected by the flange 80 when the tubular 
body 10 is actually used. 

[0374] In the inner correcting roller 62 and the outer correcting 
roller 64 and 64, the external cylindrical peripheral surfaces thereof 
come into line-contact with the internal peripheral surface 11 of 
the tubular body 10 and the external peripheral surface 12, 
respectively, causing the contact pressure by the inner correcting 
roller 62 and the outer correcting rollers 64 to be dispersed to 
thereby prevent local deformations of the tubular body 10. 
[0375] The relative positional relationship between the inner 
correcting roller 62 and the outer correcting rollers 64 is set such 
that these rollers are disposed at correcting positions for correcting 
the cross -sectional shape of the end portion 13 of the tubular body 
10. 

[0376] In this embodiment, the correcting positions are positions 
where the outer correcting rollers 64 and the inner correcting rollers 
62 are slightly in contact with the external peripheral surface 12 
and the internal peripheral surface 11 of the end portion of the 
tubular body 10, provided that the cross-sectional shape of the end 
portion of the tubular body 10 is appropriate. Therefore, if the 
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cross-sectional shape of the end portion 13 of the tubular body 10 
is inappropriate, correction force will be applied to the tubular 
body 10 by the outer and inner correcting rollers 62 and 64. 
[0377] At this time, each end portion 13 of the tubular body 10 
is temporarily corrected in its cross -sectional shape by the inner 
and outer correcting rollers 62 and 64 each fixed at the correcting 
position. This deformation of each end portion of the tubular body 
10 due to the temporary correction includes an elastic deformation 
(may be an elastic deformation only) , a certain amount of the 
deformation will be released when the contact state with the inner 
and outer correcting rollers 62 and 64 is released. 

[Examples of shape measurements] 

[0378] Next, concrete tubular body shapes will be exemplified, and 
the following explanation will be directed to the case in which the 
advantages of the method of measuring a shape of a tubular body 
according to the ninth embodiment . 

<Tubular body with flat ends> 

[0379] As shown in Fig. 34, in the tubular body 104 according to 
the first example, the central portion 104b is formed into a perfect 
circular cross-sectional shape, but each end portion 104a is formed 
into a flat cross-sectional shape. 

[0380] The aforementioned shape tends to be generated at the time 
of cutting a long tubular body substrate formed by extrusion or the 
like as mentioned above into a certain length for manufacturing 
photosensitive drum substrates or the like for example. 
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[0381] In the case of such a shape in which both end portions 104a 
and 104a are formed into a flat shape respectively, when the shape 
is measured in accordance with a conventional method as shown, for 
example, in Figs. 56 and 57, both end portions 104a and 104a to be 
supported will move up and down as the tubular body 14 rotates. This 
in turn causes the lower external peripheral surface of the 
longitudinal central portion of the tubular body 104 to be moved up 
and down. As a result, it is judged that the shape is far from the 
perfect cylindrical shape. In the case of a shape inspection with 
a certain acceptance level, there is a high possibility that it is 
judged as a defective item. 

[0382] In some cases, however, when flanges 80 and 80 are forcibly 
inserted into both ends of the tubular body in the actual use as shown 
in Fig. 4, both end portions 104a and 104a of a tubular body 104 may 
be corrected into a perfect circular shape respectively, which 
resolves the shape defect. Thus, in such cases, it becomes a perfect 
cylindrical shape in the actual use, causing no problem. On the other 
hand, in another cases, even if flanges are forcibly inserted at the 
time of the actual use, a perfect cylindrical shape may not be obtained. 
Such a tubular body is a true defect item. In a conventional shape 
measuring method, such a discrimination was impossible, and therefore 
there is a possibility that an item to be discriminated as a good 
item is discriminated as a defect item. 

[0383] To the contrary, in the shape measuring method according 
to the ninth embodiment , the shape measurement of the tubular body 
104 is performed while reproducing a shape of both end portions 104a 
and 104a of the tubular body 104 similar to that in the actual use 
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by temporarily correcting them. Accordingly, even if the tubular 
body 104 has a false defect which will be dissolved at the time of 
actually being used at the vicinities of both end portions, it is 
possible to obtain a shape measuring result including a discrimination 
on whether the false defect is a permanent defect which will remain 
even in the actual use, 

[0384] As a result, an accurate shape measurement of a tubular body 
which had no choice but to be discriminated as a defect item in a 
conventional method can be performed, resulting in a perfect shape 
measuring result . 

<Tubular body flat in cross-section along entire length> 
[0385] As shown in Fig. 35A, the tubular body 105 as a second example 
is constant in cross -section along the entire length thereof, but 
the cross -sectional shape is not a perfect circular shape. Here, it 
is assumed that the cross -sectional shape is an elliptical shape 
formed by being pressed from the up-and-down direction or from the 
right-and-left direction . 

[0386] This shape tends to be generated at the time of manufacturing 
the tubular body 10 5 as a long tube by an extruding method or a drawing 
method. 

[0387] In the case of the shape deformed into a flat cross-section 
along the entire length of the tubular body 105, the conventional 
shape measuring method as shown in Figs. 56 and 57 tends to judge 
the shape to be a normal cylindrical tubular shape. That is, although 
the tubular body 105 to be rotated with its both end portions 105a 
and 105a supported moves up and down depending on the rotational phase. 
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the lower external peripheral surface of the longitudinal central 
portion would hardly change in height position , causing the deflection 
to hardly be detected. Thus, In the case of a shape inspection with 
a certain acceptance level, there is a high possibility that it is 
judged to be a good item. 

[0388] In such a tubular body 105, even if both end portions thereof 
are corrected into a perfect circular shape respectively by forcibly 
being inserted by flanges 80 and 80 at the time of the actual use, 
as shown in Fig. 35B, the longitudinal central portion 105b of the 
tubular body 105 remains the flat cross -sectional shape. Thus, such 
a tubular body 105 may be a defective tube which causes large 
deflections at the time of the actual use. 

[0389] To the contrary, in the shape measuring method according 
to the ninth embodiment , the shape measurement of the tubular body 
105 is performed while reproducing a shape of both end portions 105a 
and 105a of the tubular body 105 similar to that in the actual use 
by temporarily correcting them. Accordingly, even if the tubular 
body 105 has a shape defect difficult to be detected as shown in Figs. 
35A and 35B, it is possible to obtain a shape measuring result 
including a discrimination on whether the defect is a permanent defect 
which will remain even in the actual use. 

[0390] As a result, an accurate shape measurement of a tubular body 
which had no choice but to be discriminated as a defect item in a 
conventional method can be performed, resulting in a perfect shape 
measuring result . 

(Concrete example) 
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[0391] Although the ninth embodiment was explained conceptually, 
the ninth embodiment can be constituted by almost the same mechanical 
structure as that of the aforementioned second embodiment. 
[0392] Fig. 36 is an enlarged perspective view showing the 

supporting structure of a tubular body in the case where the ninth 
embodiment is structured by almost the same mechanical structure as 
that of the second embodiment . 

[0393] In this case, the pair of reference rollers 52 and 52 in 
the second embodiment correspond to the inner correcting rollers, 
and the supporting rollers 54 correspond to the outer correcting 
rollers . 

[0394] Each supporting roller support member (outer correcting 
roller support member) 543 is configured so as to be brought into 
contact with the stopper 548 fixed to the device box 511 at the upper 
limit of the slide operation by the lifting cylinder 546 . The position 
of the stopper 548 is set such that the relative positional 
relationship between the outer correcting rollers (supporting 
rollers) 54 and the inner correcting roller (reference roller) 52 
meets the correcting position for correcting the cross-sectional 
shape of the end portion 13 of the tubular body 10 when the supporting 
roller support member 543 is brought into contact with the stopper 
548. 

[0395] The lifting cylinder 546 lifts the tubular body 10 together 
with the supporting roller support member 543 and the outer correcting 
rollers 54 and presses the supporting roller support member 543 
against the stopper 548 with a large enough pressing force, to thereby 
fix the position of the outer correcting roller 54 to the correcting 
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position. As mentioned above, since the position of the outer 
correcting roller 54 is fixed to the correcting position, no 
complicated control is required for the shape correction of the end 
portions 13 and 13 of the tubular body 10. 

[0396] The correcting position of the outer correcting rollers 54 
and the inner correcting roller 52 is a position where the outer 
correcting rollers 54 and the inner correcting roller 52 are just 
in contact with the external peripheral surface 12 and the internal 
peripheral surface 11 of the end portion 13 of the tubular body 10 
in the case where the cross -sectional shape of each of both end 
portions of the tubular body 10 is appropriate. In other words, in 
the case where the cross -sectional shape of each of both end portions 
of the tubular body 10 is inappropriate, a correcting force is applied 
to the tubular body 10 by the outer correcting rollers 54 and the 
inner correcting roller 52. 

[0397] The displacement detecting device 53 is a device for 

detecting the radial displacement of the external peripheral surface 
12 of the tubular body 10. Here, a non-contact type detecting devices 
are installed at five positions different in axial directional 
position of the tubular body 10. 

<Modified example) 

[0398] Although the ninth embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
to eighth embodiments, various modifications can be made as follows. 
[0399] (1) In the aforementioned ninth embodiment, the outer 

correcting rollers are fixed to the correcting positions when the 
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shape measurement is performed while correcting the tubular body 10. 
However, some of the correcting rollers can be unfixed so that the 
pressing force of the inner correcting roller 62 or the outer 
correcting rollers 64 can be changed depending on the rotational phase 
of the tubular body 10 to correct the shape of the end portion of 
the tubular body 10 . Concretely, for example, a larger pressing force 
(correcting force) can be given to a portion having a cross- sectional 
shape away from an appropriate perfect circular shape, while smaller 
pressing force or no pressing force can be given to a portion having 
a cross-sectional shape similar to a perfect circular shape. 
[0400] Alternatively, the cross -sectional shape of each end 

portion of the tubular body 10 can be actually detected, and the 
pressing force (correcting force) against the tubular body 10 can 
be changed depending on the detected concrete cross-sectional shape. 
[0401] The detection of the cross-sectional shape of each end 
portion 13 of this tubular body 10 can be performed before or during 
the correction. Detecting the cross -sectional shape while 
correcting each end portion 13 of the tubular body 10 enables an 
operator to know whether the pressing force (correcting force) is 
appropriate to the correction of the cross-sectional shape. 
[0402] As a means for detecting the cross-sectional shape of each 
end portion of the tubular body 10, a displacement detecting device 
for detecting the radial displacement of the external peripheral 
surface of the tubular body 10 can be used. 

[0403] In this case, as shown in Fig. 37 # it is preferable to employ 
an outer correcting roller 65 with a small diameter portion 652 forming 
a groove 6 53 at the widthwise central portion of the external 
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peripheral surface 651 and pass a laser beam from an optical 
transmission type displacement detecting device through the gap. 
This enables a detection of the cross -sectional shape being corrected 
by and between the inner correcting roller 52 and the outer correcting 
rollers 65. 

[0404] (2) In the aforementioned ninth embodiment, although one 
inner correcting roller and two outer correcting rollers are disposed 
at each end of the tubular body 10, positioning of these correcting 
rollers is not limited to the above, and can be various positions 
as exemplified below. 

[0405] (2-1) As shown in Fig. 38, in addition to the one inner 
correcting roller 911 and the two outer correcting rollers 912 and 
912 positioned below the tubular body 10 employed in the 
aforementioned embodiment, an additional outer correcting roller 913 
positioned above the tubular body 10 can be employed. In this case, 
the tubular body 10 is pinched by and between the outer correcting 
rollers 912, 912 and 913, effectively correcting the elliptical 
cross -sectional shape of the tubular body. 

[0406] (2-2) As shown in Fig. 39, all of the correcting rollers 
can be inner correcting rollers 920. 

[0407] (2-3) As shown in Fig. 40, all of the correcting rollers 
can be outer correcting rollers 930. 

[0408] (2-4) As shown in Fig. 41, an inner correcting roller 941 
and an outer correcting roller 942 can be placed at the same 
circumferential position of the tubular body 10 to restrain the 
tubular body 10 by pinching the tubular body 10 from its inside and 
outside, and the correction can be performed by another correcting 
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roller 943 disposed at a circumf erentially different position. 
[0409] (2-5) As shown in Fig. 42, it can be configured such that 
a plurality of pairs (two pairs in this example) each insisting of 
an inner correcting roller 951 and an outer correcting roller 952 
are disposed at different circumferential positions of the tubular 
body 10 to restrain the tubular body 10 by pinching the plural 
circumferential positions thereof. In this case, it is possible to 
correct any portion of the tubular body having a radius of curvature 
larger or smaller than an appropriate radius of curvature. 
[0410] (2-6) As shown in Fig. 43, it can be configured such that 
a number of correcting rollers 96 (eight in this example) are disposed 
so as to come into contact with the external or internal peripheral 
surface of the tubular body 10 to correct the shape. Disposing four 
or more correcting rollers inside or outside the tubular body 10 
enables an appropriate correction with respect to a triangular shape. 
[0411] (3) The correction can be performed such that the degree 
of deformation caused by the correction of the end portion 13 of the 
tubular body 10 falls within the elastic deformation range. In this 
case, reliability that the shape of the tubular body does not change 
by the shape measurement can be obtained. 

[0412] (4) In the ninth embodiment, the correcting rollers are 
brought into contact with the position to be supported at the time 
of using the tubular body. However, the correcting rollers can be 
positioned at any end portion of the tubular body near the position 
to be supported. 

[ 0413 ] ( 5 ) In the ninth embodiment , although the shape measurement 
is performed with the axial direction of the tubular body 10 disposed 
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approximately horizontally, the shape measurement can be performed 
with the axial direction disposed approximately horizontally. In 
this case, the deformation of the tubular body 10 due to its own weight 
can be decreased. 

[0414] (6) In the ninth embodiment , the displacement was detected 
at plural positions, but can be one or more positions. 
[0415] In the ninth embodiment, a photosensitive drum substrate 
is exemplified as a tubular body to be measured. However, the present 
invention can be preferably applied to carrying rollers, developing 
rollers, transferring rollers for use in copying machines. Other 
than the above, any tubular body can be a measuring object of the 
present invention . 

[0416] (8) In the aforementioned ninth embodiment, although a 
light transmittance type displacement detecting device (light 
transmit tance type optical sensor) which does not come into contact 
with the tubular body 10 is exemplified as a displacement detecting 
device, the displacement detecting device is not limited to the above 
so long as it is possible to detect the radial displacement of the 
external peripheral surface 12 of the tubular body 10. As a 
displacement detecting device, it is possible to employ any detecting 
device based on various measuring principles , such as a contact type 
displacement sensor which comes into contact with the external 
peripheral surface of the tubular body 10 to detect the displacement, 
a reflection optical sensor capable of detecting the displacement 
in a non-contact state, an all-purpose image processing CCD camera 
or line camera capable of detecting the displacement in a non-contact 
state and applicable to any material, a current -type displacement 
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sensor capable of detecting the displacement in a non-contact state 
and high in accuracy, high in processing speed, strong in environment 
and cheap in cost, a capacitance- type displacement sensor capable 
of detecting the displacement in a non-contact state and high in 
accuracy, an air- type (differential pressure type) displacement 
sensor capable of detecting the displacement in a non-contact state, 
or an ultrasonic type displacement sensor capable of performing a 
long distance measurement. 

[0417] (9) In the ninth embodiment, the tubular body 10 is rotated 
by rotatably driving the outer correcting roller 54. However, the 
tubular body 10 can be rotated by an operator's hand, or by directly 
contacting a driving roller (not shown) or the like, or by any other 
method. 

[0418] (10) In the aforementioned ninth embodiment, the 

displacement of the external peripheral surface of the tubular body 
10 is detected while rotating the tubular body 10. However, the 
detection of the displacement of the external peripheral surface can 
be performed by intermittently stopping the rotation of the tubular 
body 10. 

[0419] (11) In the aforementioned ninth embodiment, the outer 
correcting rollers 54 are lifted with the height of the inner 
correcting roller 52 fixed. However, the inner correcting roller 52 
can be moved downward. 

[Tenth embodiment] 

[0420] Next, the tenth embodiment will be explained. 

[0421] In the tenth embodiment, like the aforementioned ninth 
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embodiment, the shape of the tubular body 10 is measured after 
correcting the shape of each end portion of the tubular body 10 to 
thereby grasp the shape of the tubular body in a condition similar 
to the actual condition in use. 

[0422] In the following explanation, the difference between this 
embodiment and the aforementioned embodiment will be explained, and 
therefore, cumulative explanation will be omitted by allotting the 
same reference numeral to the corresponding portion. 
[0423] In the shape measuring method according to the tenth 

embodiment, like the aforementioned ninth embodiment shown in Fig. 
32 , an inner correcting roller 62 is disposed so as to come into contact 
with the internal peripheral surface 11 of each end portion 13 of 
the tubular body (work) 10, and outer correcting rollers 64 and 64 
are disposed so as to come into contact with the exterior peripheral 
surface 12. Displacement detecting devices 30 for measuring the 
radial displacement (deflection) of the external peripheral surface 
of the tubular body 10 are disposed at plural longitudinal central 
portions of the tubular body 10. 

[0424] Fig. 44A is a side view for explaining the correcting status 
of the end portion of the tubular body in the shape measuring method 
of a tubular body according to the tenth embodiment. Fig. 4 4B is a 
side view for explaining the measuring status of the tubular body. 
[0425] In the shape measuring method of the tubular body 10 

according to the tenth embodiment, first, as shown in Fig. 44A, the 
end portion 13 of the tubular body 10 is firmly pressed with the inner 
correcting roller 62 and the outer correcting rollers 64 and 64 to 
correct the cross -sectional shape. Thereafter, as shown in Fig. 44B, 
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the pressing force against the end portion 13 of the tubular body 
10 by the inner correcting roller 62 and the outer correcting rollers 
64 and 64 is decreased, and then the radial displacement (deflection) 
of the external peripheral surface 12 of the tubular body 12 is 
measured with the displacement measuring devices 30. 

< Correcting roller > 

[0426] The inner correcting roller 62 and the outer correcting 
rollers 64 and 64 come into contact with the internal peripheral 
surface 11 and the external peripheral surface 12 of the end portion 
13 of the tubular body 10 respectively to correct the cross -sectional 
shape of the end portion 13 of the tubular body 10. After the 
correction, these rollers 62, 64 and 64 also come into contact with 
the internal peripheral surface 11 and the external peripheral surface 
12 of the end portion 13 of the tubular body 10 respectively to function 
as supporting rollers for supporting the tubular body 10 at the time 
of performing the shape measurement (deflection measurement) of the 
tubular body 10. 

[0427] As shown in Figs. 44A and 44B, these inner and outer 

correcting rollers 62, 62 and 64 are configured so as to be changed 
in relative position. 

[0428] In detail, as shown in Fig. 44A, at the time of correcting 
the end portion 13 of the tubular body 10, it is configured such that 
the outer correcting rollers 64 and 64 can be moved upward than the 
appropriate shape (chain double -dashed line in Fig. 4 4A) of the 
tubular body 10. This causes the radius of curvature of the portion 
of the tubular body 10 pinched by and between the inner correcting 
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roller 62 and the outer correcting rollers 64 to be deformed larger 
than the appropriate shape (chain double-dashed line in Fig. 44A) 
of the tubular body 10 so that the tubular body 10 can have an 
appropriate shape when the pressing force (correcting force) by the 
correcting rollers 62, 64 and 64 are decreased to release the elastic 
deformation of the tubular body 10. 

[0429] On the other hand, at the time of measuring the shape of 
the corrected tubular body 10, as shown in Fig. 44B, the outer 
correcting rollers 64 and 64 are moved downward to the position where 
these rollers are just in contact with the tubular body 10 having 
an appropriate shape (perfect circular shape) to thereby decrease 
the pressing force against the end portion 13 of the tubular body 
10 so that the radial displacement (deflection) of the external 
peripheral surface 12 of the tubular body 10 can be measured with 
the displacement detecting devices 30. 

( Concrete example ) 

[0430] Although the tenth embodiment was explained conceptually, 
the tenth embodiment can be constituted by almost the same mechanical 
structure as that of the aforementioned second embodiment. 
[0431] Fig. 4 5 is an enlarged perspective view showing the 

supporting structure of a tubular body in the case where the tenth 
embodiment is structured by almost the same mechanical structure as 
that of the second embodiment . 

[0432] In this case, the pair of reference rollers 52 and 52 in 
the second embodiment correspond to the inner correcting rollers , 
and the supporting rollers 54 correspond to the outer correcting 
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rollers . 

[0433] Each supporting roller support member (outer correcting 
roller support member) 54 3 is configured so as to be brought into 
contact with the stopper 548 fixed to the device box 511 at the upper 
limit of the slide operation by the lifting cylinder 546. 
[0434] The outer correcting rollers 54 are positioned such that 
the relative position of the outer correcting rollers 54 against the 
inner correcting roller 52 meets the correcting position for 
correcting the cross-sectional shape of the end portion 13 of the 
tubular body 10 when the supporting roller support member 54 3 is 
brought into contact with the stopper 548. 

[0435] The stopper 548 is very short in stroke due to a stopper 
position setting means 549 as compared with the movable range of the 
outer correcting roller support member 543, but can be slightly moved 
in the up-and-down direction. 

[0436] The lifting cylinder 546 lifts the tubular body 10 together 
with the supporting roller support member 543 and the outer correcting 
rollers 54 and presses the outer correcting roller support member 
543 against the stopper 548 with a large enough pressing force, to 
thereby fix the position of the outer correcting roller 54 to the 
correcting position. The aforementioned large enough pressing force 
means a force capable of causing a partial plastic deformation of 
the tubular body 10 when the tubular body 10 lifted by the outer 
correcting rollers 54 is pinched by and between the inner correcting 
roller 20 and the outer correcting rollers 40. As mentioned above, 
the position of the outer correcting rollers 54 and 54 are fixed to 
the respective correcting position, eliminating the need of 
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complicated control at the time of performing the shape correction 
of the end portion 13 of the tubular body 10. 

[0437] In this embodiment, the correcting position of each outer 
correcting roller 54 , or the position of the stopper 548 set by the 
stopper position setting means 549 # is set based on the result of 
an advance measurement performed prior to the correction of the end 
portion 13 of the tubular body 10 which will be mentioned later. This 
stopper position setting means 549 functions as a means for setting 
the correcting roller fixing position that sets the fixing position 
of the outer correcting roller 54 at the time of the correction based 
on the result of the advance measurement. The correcting position 
of the outer correcting roller 54 to be set by the stopper position 
setting means 549 can be set to a position inner than the position 
where the outer correcting roller 54 is just in contact with the 
external peripheral surface 12 of the tubular body 10 in the case 
where the cross -sectional shape is an appropriate. 

[0438] Furthermore, at the time of performing the shape measurement 
of the tubular element 10 after the correction of the end portions 
13 and 13 of the tubular body 10, the outer correcting roller support 
member 543 is detached from the stopper 548 to press the tubular body 
10 against the inner correcting roller 20 by weak pressing force via 
the outer correcting rollers 54. At this time, the outer correcting 
rollers 54 and the inner correcting roller 20 become a state in which 
both of them are pressed against the tubular body 10 by the weak 
pressing force. The weak pressing force means a pressing force which 
does not cause substantial deformation of the end portion 13 of the 
tubular body 10. 
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[0439] Thus, the lifting cylinder 546 functions as a means for 
giving a pressing force capable of switching the pressing force of 
the correcting rollers 52, 54 and 54 against the end portion 13 of 
the tubular body 10 between a strong force capable of plastically 
deforming the end portion 13 of the tubular body 10 and a force weaker 
than the strong force. 

[0440] The displacement detecting device 53 is a device for 

detecting the radial displacement of the external peripheral surface 
12 of the tubular body 10. Here, a non-contact type detecting devices 
are installed at five positions different in axial directional 
position of the tubular body 10. 

< Shape measuring procedures > 

[0441] Next, concrete shape measuring procedures of a tubular body 
10 using the shape measuring apparatus 5 will be explained. 
[0442] Fig. 46 is a flowchart for explaining the entire flow of 
the shape measuring means . 

[0443] In this shape measuring operation, initially, the tubular 
body 10 is carried in and set to the shape measuring position 
(correcting position) of the shape measuring apparatus 5 (Step SI). 
[0444] In this carrying step of the tubular body 10, in a state 
in which each inner correcting rollers 52 is moved outward by the 
operation of the driving portion 522, the tubular body 10 is carried 
by using any carrying device or manually to be disposed on the smaller 
diameter portions 541 of the outer correcting rollers 54. Then, each 
inner correcting roller 52 is inserted into the tubular body 10 by 
the operation of the driving portion 522. In this state, the outer 
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correcting rollers 54 and the tubular body 10 disposed thereon are 
raised by the lifting cylinders 546 and 546. 

[0445] Subsequently, in order to obtain an appropriate correcting 
amount corresponding to a cross -sectional shape different every 
tubular body 10, an advance measurement of the cross -sectional shape 
of the end portion 13 of the tubular body 10 will be performed (Step 
S2) . 

[0446] In this advance measurement, the tubular body 10 disposed 
on the outer correcting rollers 54 is raised by the lifting cylinders 
546 and 546 up to the height position where the internal peripheral 
surface 11 of the tubular body 10 slightly comes into contact with 
the inner correcting rollers 52 and 52. In this state, the outer 
correcting rollers 54 are slightly in contact with the external 
peripheral surfaces 12 of the end portions of the tubular body 10, 
and therefore a weak pressing force is applied to the tubular body 
10 by the inner correcting rollers 52 and the outer correcting rollers 
54. 

[0447] In this state, the tubular body 10 is rotated by driving 
the outer correcting rollers 54 with the driving motors 545, and the 
displacement detecting devices 53 each having at least a detecting 
area corresponding to the end portion of the tubular body 10 are 
activated to detect the cross -sectional area of each of both end 
portions 13 of the tubular body 10. Concretely, the detection result 
reveals the flatness of the end portion 13 or the like from the diameter 
or the like of the tubular body 10 changing in accordance with the 
rotational phase. 

[0448] Then, the correction of the cross -sectional shape by 
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plastically deforming the end portions 13 of the tubular body 10 is 
performed (Step S3). 

[0449] In this correction, depending on the degree of the required 
correction of the tubular body 10 which is a measuring object shown 
by the aforementioned advance measuring result, the fixing position 
of the outer correcting rollers 54 (correcting position) at the time 
of correcting will be set. The reason why only the outer correcting 
rollers 52 and 52 are positioned is that the inner correcting roller 
52 is not moved up and down in this embodiment. In concrete, the 
setting of the correcting position of the outer correcting rollers 
54 is performed by the stopper position setting means 549 which sets 
the height position of the stopper 548. 

[0450] After setting the fixing position (correcting position) of 
the outer correcting roller 54, the supporting roller support member 
543 is raised by the lifting cylinder 546 up to the position where 
the support member comes into contact with the stopper 548 and then 
fixed. Thus, the height position of the outer correcting roller 54 
is also fixed. By the way, the height position of the inner correcting 
roller 52 has been fixed. At this time, the outer correcting rollers 
54 are pressed against the external peripheral surface 12 of the 
tubular body 10 by a strong force, and at the same time the inner 
correcting roller 52 is pressed against the internal peripheral 
surface 11 of the tubular body 10 by a strong force. 
[0451] In this state, the outer correcting rollers 54 are driven 
by the driving motor 545 to rotate the tubular body 10, causing the 
correcting force to be applied to the entire periphery of the end 
portion 13 of the tubular body 10, which in turn causes a partial 
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plastic deformation in the circumferential direction to be corrected 
into an appropriate cross -sectional shape (perfect circular shape) . 
[0452] After one revolution or more , preferably plural revolutions , 
of the tubular body 10, the supporting roller support member 543 is 
moved downward so as to detach from the stopper 548 by the lifting 
cylinder 546 to release the strong pressing force (correcting force) 
by the outer and inner correcting rollers 54 and 52 against the tubular 
body 10. This releasing of the strong pressing force is performed 
while rotating the tubular body 10 such that the pressing force against 
the tubular body 10 is gradually decreased. Preferably, this 
releasing is performed during one or more rotations so as to prevent 
a bad influence of causing the cross -sectional shape of the end portion 
13 of the tubular body 10 to become discontinuous in the 
circumferential direction . 

[0453] In cases where the advance measurement reveals that no 
correction is required because the cross-sectional shape of the end 
portion 13 of the tubular body 10 is good, this correction step (Step 
S3) can be skipped. 

[0454] Subsequently, the radial displacement of the external 

peripheral surface 12 due to the rotation of the tubular body 10, 
or the deflection of the external peripheral surface, is measured 
(Step S4) . In this embodiment, the measurement of the deflection of 
the external peripheral surface 12 of the longitudinal central portion 
of the tubular body 10 and the measurement (after-measurement) of 
the cross -sectional shape of the end portion 13 of the tubular body 
10 are simultaneously performed. This after-measurement is 
performed to confirm whether the aforementioned correction was 
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performed appropriately . 

[0455] The downward movement of the outer correcting roller 54 for 
releasing the strong pressing force against the tubular body 10 at 
the end of the correction is stopped at the height where the inner 
and outer correcting rollers 52, 54 and 54 are slightly in contact 
with the tubular body 10, The measurement of the deflection of the 
external peripheral surface 12 is performed in this state, or like 
the aforementioned advance measurement, in the state in which a slight 
pressing force is applied to the tubular body 10 by the inner and 
outer correcting rollers. 

[0456] The measurement of the deflection of the external peripheral 
surface 12 is performed by rotating the tubular body 10 by driving 
the outer correcting roller 54 with the driving motor 545 in the state 
in which a slight pressing force is applied to the tubular body 10 
by the inner and outer correcting rollers 52 and 54 , to thereby measure 
the displacement (deflection) of the external peripheral surface at 
the five axial position of the tubular body 10. The displacements 
detected by the displacement detecting devices 53 located at the end 
portion of the tubular body 10 are to detect the cross-sectional shapes 
of the end portions 13 of the tubular body 10. In other words, the 
measurements by the displacement detecting devices 53 at the end 
portions 13 of the tubular body 10 are after-measurements of the 
cross-sectional shapes of the end portions of the tubular body 10. 
[0457] After the completion of the measuring of the external 
peripheral surface 12 of the tubular body 10 and the after-measurement , 
it is discriminated whether the result of the after-measurement is 
appropriate (Step S5). 
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[0458] If the result of the after-measurement is inappropriate (NG 
in Step S5), the routine returns to S3 since the correction of the 
end portions of the tubular body 10 was not performed appropriately 
to repeat the correcting of the cross -sectional shape of the end 
portion 13 of the tubular body 10. In cases where the after- 
measurement in Step S5 is still NG after plural times of the 
corrections, the measurement of the tubular body 10 is terminated, 
regarding the tubular body 10 as a defective tube that no correction 
is effective. 

[0459] If the result of the after-measurement is appropriate (OK 
in Step S5), it can be presumed that the deflection measurement of 
the external peripheral surface 12 in Step S4 was performed in a state 
similar to the state in which the end portion 13 of the tubular body 
10 is in actual use. Therefore, the deflection of the external 
peripheral surface 12 of the tubular body 10 obtained in Step S4 is 
regarded as the shape measurement result of this tubular body 10, 
and therefore the shape measurement is completed (Step S6). 
[0460] After the completion of the shape measurement of the tubular 
body 10, the tubular body 10 is carried out of this shape measuring 
apparatus 5 (Step S7 ) . 

[0461] The carrying-out operation of this tubular body 10 is 

performed by the procedures opposite to the aforementioned procedures , 
i.e., stopping the rotation of the tubular body 10, releasing the 
contact state of the inner and outer correcting rollers 52 and 544 
to the tubular body 10 by moving the outer correcting rollers 54 and 
54 downward, moving the inner correcting rollers 52 and 52 outward, 
and then taking out the measured tubular body 10. 
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[0462] in the aforementioned tenth embodiment of the shape 

measuring method of the tubular body, the positions of the correcting 
rollers, etc. can be variously changed, like in the aforementioned 
ninth embodiment . 

<Modified example) 

[0463] Although the tenth embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned ninth 
embodiment, various modifications can be made as follows. 
[0464] (1) In the tenth embodiment, at the time of the correction 
applying a strong pressing force by the correcting rollers , the 
correction which causes a plastic deformation of the cross -sectional 
shape of the end portion 13 of the tubular body 10 is performed. On 
the other hand, at the time of the shape measurement of the tubular 
body 10, the measurement is performed without deforming the 
cross-sectional shape of the end portion 13 of the tubular body 10 
by slightly bringing the correcting rollers into contact with the 
end portion. However, the measurement can also be performed while 
slightly deforming the end portion 13 of the tubular body 10 at the 
time of the measurement. In this case, even in cases where sufficient 
correction cannot be attained by the correcting process causing 
plastic deformation, at the time of the actual use, it is possible 
to reproduce the state similar to the state in which flanges 80 or 
the like are inserted as shown in Fig. 4, resulting in practical shape 
measurement . 

[0465] In this case, it is preferable to limit the deformation of 
the end portion 13 at the time of the shape measurement so as to fall 
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within the elastic deformation range to ensure the measuring accuracy. 
[0466] (2) In the aforementioned tenth embodiment, at the time 
of terminating the correction, the strong pressing force by the 
correcting rollers is gradually decreased while rotating the tubular 
body. At the time of initiating the correcting, however, the pressing 
force by the correcting rollers can be gradually increased while 
rotating the tubular body. 

[ Eleventh embodiment ] 

[0467] Next, the eleventh embodiment will be explained. 
[0468] In the eleventh embodiment, like the aforementioned ninth 
and tenth embodiments, the shape of the tubular body 10 is measured 
while correcting the shape of each end portions of the tubular body 
10 to thereby grasp the shape of the tubular body in a condition similar 
to the actual condition in use. 

[0469] In the following explanation, the difference between this 
embodiment and the aforementioned embodiment will be explained, and 
therefore, cumulative explanation will be omitted by allotting the 
same reference numeral to the corresponding portion. 
[0470] Fig. 47 is a front cross- sectional view showing a tubular 
body shape measuring apparatus for a tubular body shape measuring 
method according to the present invention. Fig. 48 is a cross - 
sectional view of an expansion clamp 20. Fig. 49 is an operation 
explanatory view. Fig. 50 is a front cross -sectional view showing 
the using status of a tubular body (work) 10 as a shape measuring 
object . 

[0471] As shown in Fig. 47, in the tubular body shape measuring 
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method according to the eleventh embodiment , a pair of expansion clamp 
66 and 66 are inserted into the insides of both end portions of the 
tubular body (work) 10 , and then the expansion clamps 66 are expanded 
so as to be brought into contact with the entire peripheral surface 
11 of the tubular body 10. In this state, the tubular body 10 is 
rotated together with the pair of expansion clamps 66 and 66 about 
the central axis thereof as a rotational axis to thereby detect the 
radial displacement of the external peripheral surface 12 of the 
tubular body 10 with displacement detecting devices 30 disposed 
outside the tubular body 10. 

<Expansion clamp> 

[0472] The pair of expansion clamps 66 and 66 define the reference 
of the shape measurement of the tubular body 10. 

[0473] The pair of expansion clams 66 is disposed approximately 
in parallel, and the tubular body 10 as a shape measuring object is 
supported approximately horizontally by the pair of expansion clamps 
66 and 66. 

[0474] As shown in Fig. 48, each of the pair of expansion clamps 
66 and 66 is provided with a cylindrical clamp main body 6 7 having 
a larger diameter portion 671 and an expansion ring (cylindrical 
member) 685 attached to a smaller diameter portion 672 of the clamp 
main body 67 so as to cover the external peripheral surface of the 
smaller diameter portion 672. 

[0475] Each of the pair of the expansion clamps 66 and 66 is attached 
to a rotational driving source 69 at the outside of the larger diameter 
portion 671 of the claim main body 67, so that the expansion clamp 
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66 is supported so as to be correctly rotated about the central axis 
of thereof, as shown in Fig. 47, etc. 

[0476] Furthermore, at least one of the expansion clamps 66 and 
66 is configured such that it can be moved axially outward by a driving 
means (not shown) so as not to cause an obstruction at the time of 
setting the tubular body 10. 

[0477] The clamp main body 67 is provided with an oil passage 68 
to be filled with operation oil. This oil passage 68 is communicated 
with an expansion chamber 683 formed at the inside of the expansion 
ring 685 via a plurality of passages radially expanding in the smaller 
diameter portion 672 of the clamp main body 67. 

[0478] This expansion chamber 683 is formed between the external 
peripheral surface of the smaller diameter portion of the clamp main 
body 67 and the inner peripheral surface of the expansion ring 685. 
As will be explained above, operational oil is supplied to the 
expansion chamber 683 to cause the expansion chamber 683 to be expanded 
by the operational oil pressure (fluid pressure) . To keep the sealed 
state of the expansion chamber 683 even if the expansion ring 685 
is expanded in the radial direction, sealing means are provided at 
the axial both end portions of the expansion chamber 683. 
[0479] In this embodiment, in concrete, O-rings 684 and 684 are 
fitted in the grooves formed along the entire circumference of the 
clamp main body 6 7 so as to closely come into contact with the external 
peripheral surface (groove) of the clamp main body 6 7 and the internal 
peripheral surface of the expansion ring 685 to seal the expansion 
chamber 6833. This o-ring 684 is in an inwardly pressed state by the 
expansion ring 685 in a normal state. When the expansion ring 685 
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is expanded in the radial direction, the o-ring 684 deforms so as 
to increase the external diameter while keeping the close contact 
with the internal peripheral surface of the expansion ring 685, 
maintaining the sealing state between the expansion ring 685 and the 
external peripheral surface of the smaller diameter portion 672 of 
the clamp main body 67. As a material of the o-ring 684, rubber can 
be exemplified, but any other material can be employed as long as 
it is an elastic material that can be served as the aforementioned 
o-ring. 

[0480] The oil passage 68 in the larger diameter portion 671 of 
the clamp main body 6 7 is communicated with an outside of the clamp 
main body 67 at the central portion of the external end surface of 
the larger diameter portion 671. Formed in the end portion of the 
oil-passage 68 in this larger diameter portion 671 is a female screw 
portion 681 in which an operation screw 682 is mounted. This operation 
screw 682 is rotatably driven by an arbitrary amount in either 
direction by a driving source such as a motor (not shown). 
[0481] In this expansion clamp 66, when the operation screw 682 
is advanced in the female screw portion 681 by rotating the rotational 
operation thereof, the operation oil (fluid) in the female screw 
portion 681 is forwarded to increase the operation oil pressure 
(fluid pressure) in the oil passage 68 including the aforementioned 
expansion chamber 683, forwarding the operation oil in the expansion 
chamber 683 to cause the expansion chamber to be expanded. In concrete, 
the expansion of the expansion chamber 683 means that the 
aforementioned expansion ring 685 expands radially to increase the 
external diameter to thereby expand in the radial direction. 
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[0482] The expansion ring 685 is made of an elastic material having 
predetermined elasticity. As the material of this expansion ring, 
metal such as alloy steel, synthetic resin and synthetic rubber can 
exemplified, but any other material can be employed as long as it 
is an elastic material that can be served as the aforementioned o-ring. 
[0483] The expansion ring 685 will be evenly expanded in the 
circumferential direction by receiving the radially outward pressure 
(operation oil pressure, fluid pressure) of the operation oil when 
the operation oil is fed into the expansion chamber 683 to thereby 
increase the external diameter. This expansion deformation causes 
the external peripheral surface of the expansion ring 685 to be brought 
into contact with the internal circumferential surface of the tubular 
body 10 along the entire circumference. 

[0484] This expansion ring 685 has a prescribed length in the axial 
direction. As shown in Fig. 49B, at the time of the expansion, it 
will be expanded while keeping the same diameter of the external 
peripheral surface in the axial direction. Accordingly, the tubular 
body 10 comes into face-contact with the expansion ring 685 in the 
axial direction with a predetermined contact width. As a result, it 
is prevented the tubular body 11 from being deformed into a shape 
different from the shape in the actual use due to a partial contact 
of the expansion clamp 66 against the internal peripheral surface 
11 of the tubular body 10, contributing accurate shape measurement. 
Furthermore, since no inappropriate deformation will be given to the 
tubular body 10, it becomes possible to bring the expansion clamp 
into contact with the internal peripheral surface 11 of the tubular 
body with larger pressing force. 
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[0485] The external peripheral surface of the expansion ring 685 
is formed into a sufficiently smooth surface, so that the external 
peripheral surface can come into close contact with the internal 
peripheral surface 11 of the tubular body 10. 

[0486] The pair of expansion clamps 66 and 66 will come into contact 
with the tubular body 10 at the positions to be supported (within 
the area S with hatching in Fig. 4) at the time of actually using 
the tubular body 10. As a result, the portion which will become a 
rotational reference at the time of actually using the tubular body 
10 can be treated as a reference for a shape measurement, realizing 
measurement in line with the actual use. 

[0487] According to the expansion clamp 66, the expansion clamp 
66 will come into contact with the internal peripheral surface 11 
of the tubular body 10 along the entire circumference thereof because 
the expansion rings will be expanded evenly in the circumferential 
direction. Therefore, the tubular body 10 becomes the supported 
status under approximately the same condition as in the case where 
the tubular body 10 is supported by flanges at the time of the actual 
use. That is, the central axial position of the pair of expansion 
clamps 66 approximately coincides with the center of the circle formed 
by the internal peripheral surface 11 of the tubular body 10. 
[0488] In this state, by rotating the pair of expansion clamps 66 
and 66 about their central axes, a rotational state extremely similar 
to the rotational state when the tubular body 10 with the internal 
peripheral surface 11 supported by flanges is actually used can be 
realized. The behavior of the tubular body 10 at the time of this 
rotation becomes nearly equal to the behavior in the actual use. 
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Accordingly, by detecting the displacement of the external peripheral 
surface of the tubular body 10 rotated as mentioned above, a deflection 
in which the curvature and/or the uneven thickness of the tubular 
body 10, or influence such as a cross -sectional shape (perfect circle) 
are integrated can be detected. 

[0489] Furthermore, since the pair of expansion clamps 66 and 6 6 
come into contact with the internal peripheral surface 11 of the 
tubular body 10 along the entire circumference, the central axial 
position of the pair of expansion clamps 66 and 66 can be more assuredly 
positioned at the center of the circle formed by the internal surface 
11 of the tubular body 10, which can realize the state close to the 
rotating state in the actual use. 

[0490] Furthermore, since the pair of expansion clamps 66 and 66 
come into contact with the internal peripheral surface 11 of the 
tubular body 10 along the entire circumference, even if the clamps 
come into contact with the tubular body 10 with larger pressing force, 
the pressing force can be approximately equally distributed in the 
circumferential direction, contributing to accurate shape 
measurement . 

[0491] For example, as a common clamp, there is the so-called 
divided claw type clamp having a plurality of claws to be brought 
into contact with the internal peripheral surface 11 of the tubular 
body 10 by increasing the distance between the adjacent claw portions 
to support the tubular body 10 with the claws radially outwardly 
pressing plural portions of the internal peripheral surface 11 of 
the tubular body 10. In such a divided claw type clamp, since the 
claws partially come into contact with the internal peripheral surface. 
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there is a possibility of causing the cross -section of the tubular 
body 10 to be unevenly deformed in the circumferential direction. 
Especially, in cases where the tubular body 10 is thin in thickness 
or soft in material, uneven deformation of the tubular body 10 may 
occur, resulting in inaccurate shape measurement. To the contrary, 
according to the expansion clamp 66 for a tubular body shape measuring 
method of the present invention, since the expansion clamp 66 comes 
into contact with the entire internal peripheral surface of the 
tubular body 10, problems inherent in a conventional divided claw 
type clamp would not occur. 

[0492] Furthermore, since the pair of expansion clamps 66 and 66 
are inserted in the tubular body 10 and then expanded therein to detect 
the displacement of the external peripheral surface 12 of the tubular 
body 10 while rotating the tubular body 10 together with the expansion 
clamps 66 and 66, the structure can be simplified. Further, the 
accumulation of measurement errors can be decreased, resulting in 
high accuracy shape measurement . 

[0493] Since the expansion clamp 66 is configured to be expanded 
by fluid pressure (operation oil pressure), sufficiently large 
expansion force approximately even in the circumferential direction 
can be obtained. This enables the expansion clamp 66 to press the 
internal peripheral surface 11 of the tubular body 10 radially 
outwardly with a large pressing force. Accordingly, the expansion 
clamp 66 can be brought into contact with the internal peripheral 
surface 11 of the tubular body 10 assuredly. 

[0494] In this embodiment, the end portions 13 of the tubular body 
10 are radially outwardly deformed with an enough large pressing 
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force . 

[0495] The deformation is approximately the same as the deformation 
caused by being inserted by a flange 80 at the time of using the tubular 
body 10. This can attain the state closer to the rotating state in 
the actual use. 

[0496] Furthermore, the pressing force pressing the expansion 
clamp 66 against the internal peripheral surface of the tubular body 
10 is set to be approximately the same as the expanding pressing force 
applied to the tubular body 10 by being inserted by a flange 80 at 
the time of using the tubular body 10. This can attain the supporting 
state closer to the supporting state at the time of actually using 
the tubular body 10 to which flanges 80 and 80 are inserted into the 
vicinity of the end portions of the tubular body 10, which in turn 
can attain the rotating state closer to the rotating state in the 
actual use. 

[0497] Especially, in the actual use, the cross-sectional shape 
(internal peripheral circle) of the end portion of the tubular body 
10 will be corrected into a nearly perfect circle by being forcibly 
inserted by a flange 80. The shape measurement of the tubular body 
10 can be performed with the end portions of the tubular body 10 
corrected, like in the actual use, since the tubular body 10 is 
expanded by the expansion clamps 66 and 6 6 expanded evenly with the 
fluid pressure in the circumferential direction. 

[0498] The deformation of the tubular body 10 by each expansion 
clamp 66 can be performed so as to fall within the elastic deforming 
region of the tubular body 10 or reach the plastic deforming region 
of the tubular body 10 depending on the degree of the deformation 



135 



of the tubular body 10 at the time of the actual use. If the 
deformation of the tubular body 10 is performed within the elastic 
deforming region, the deformation occurred at the time of the shape 
measurement returns to the original shape, which assuredly can 
minimize the influence to the tubular body due to the shape measurement . 
On the other hand, in the case of the deformation reaching the plastic 
deforming region in the actual use, by executing the expansion 
deformation, the shape measurement can be performed under 
approximately the same conditions at the time of the actual use, 

<Example of Shape measurement > 

[0499] Next, concrete tubular body shapes will exemplified, 

explanation will be directed to the case in which the advantage of 
the tubular shape measuring method according to the eleventh 
embodiment can be demonstrated especially. 

<Tubular body with deformed ends) 

[0500] As shown in Fig. 51, in the first example, although only 
both end portions 106a and 106a of the tubular body 106 have a flat 
shape respectively, the central portion 106b has an appropriate 
perfect circular cross-sectional shape. 

[0501] Tubular bodies to be supplied as photosensitive drums or 
the like are manufactured by cutting a long tubular body substrate 
into a certain length in many cases. In such cases, only the 
vicinities of the end portions of the tubular body tend to be deformed 
into a flat shape by the cutting. 

[0502] In such a shape in which the vicinities of both end portions 
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are formed into a flat shape respectively, when the shape is measured 
in accordance with a conventional method as shown, for example, in 
Figs. 56 and 57, it will be judged that the shape is far from the 
perfect cylindrical shape. In the case of a shape inspection with 
a certain acceptance level, there is a high possibility that it is 
judged to be a defective item. 

[0503] In some cases, however, when flanges are forcibly inserted 
into both ends of the tubular body in the actual use as shown in Fig. 
4, both end portions of a tubular body may be corrected into a perfect 
circular shape respectively, which resolves the shape defect. Thus, 
in such cases, it becomes a perfect cylindrical shape in the actual 
use, causing no problem. On the other hand, in another cases, even 
if flanges are forcibly inserted at the time of the actual use, a 
perfect cylindrical shape may not be obtained. Such a tubular body 
is a perfect defect item. In a conventional shape measuring method, 
such a discrimination was impossible, and therefore there is a 
possibility that an item to be discriminated as a good item is 
discriminated as a defect item. 

[0504] To the contrary, in the shape measuring method according 
to the present invention, the shape measurement of the tubular body 
106 can be performed while expanding the shape of both end portions 
of the tubular body similar to that in the actual use by inserting 
the expansion clamps 66 into the vicinities of both end portions of 
the tubular body 106 and expanding it to be brought into contact with 
the internal peripheral surface of the tubular body 106 . Accordingly, 
even if the tubular body has a false defect which will be dissolved 
at the time of actually being used at the vicinities of both end 
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portions, it is possible to obtain a shape measuring result including 
a discrimination on whether the false defect is a permanent defect 
which will remain even in the actual use. 

[0505] As a result, an accurate shape measurement of a tubular body 
which had no choice but to be discriminated as a defect item in a 
conventional method can be performed, resulting in a perfect shape 
measuring result. 

<Tubular body with uneven material distribution> 

[0506] In the second example in which the advantage of the tubular 
shape measuring method according to this invention can be demonstrated 
especially, although it has a perfect cylindrical shape before 
inserting a flange at the time of the actual use, the material 
distribution is uneven in the circumferential direction. 
[0507] Fig. 52 shows an example of the tubular body 107 uneven in 
material distribution in the circumferential direction, wherein Fig. 
52A shows the state before being inserted by a flange and Fig. 52B 
shows the state after being inserted by the flange. 
[0508] As shown Fig. 52A, this tubular body 107 is even in thickness 
along the entire circumference. However, the left half portion W can 
be easily deformed as compared to the remaining portion. Such a 
tubular body can be manufactured when there is an irregular flow of 
the extruding material at the time of extruding the tubular body or 
when there are irregular environment conditions such as temperature 
conditions after forming into a tubular body in the circumference 
direction. 

[0509] Inserting a flange 80 into the tubular body 10 cause the 
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tubular body 10 having an original diameter D of the circle (internal 
peripheral surface) formed by the internal peripheral surface to be 
expanded into the diameter D' of the circle (internal peripheral 
surface) formed by the internal peripheral surface as shown in Fig. 
52B for example. At this time, the easy- to-def orm portion W will be 
stretched largely to thereby become a thin portion W thinner than 
the remaining portion. 

[0510] In other words, in the second embodiment, contrary to the 
first example, the shape will be discriminated as a normal shape before 
the actual use. However, at the time of the actual use, the end 
portions of the tubular body supported by at least flanges and 
determining the rotational center become uneven in thickness as a 
defect tubular body. 

[0511] In a conventional shape measuring method as shown in Figs. 
56 and 57 for example, since such a tubular body 107 has a perfect 
cylindrical shape at the time of the shape measurement, it would be 
discriminated that it is a perfect cylindrical shape. Therefore, it 
was impossible to detect such a defect tubular body. 
[0512] To the contrary, according to the shape measuring method 
of the present invention, the shape measuring of the tubular body 
can be performed in the state in which the expansion clamps 66 and 
66 are inserted into the vicinities of both end portions of the tubular 
body 10 and then expanded to be brought into contact with the internal 
peripheral surface of the tubular body to thereby attain the expanded 
state closer to the actual use state. This also enables a detection 
of a hidden defect of the vicinities of the end portions which will 
be generated at the time of the actual use, resulting in a perfect 



shape measurement result . 
<Modif ied examples > 

[0513] Although the eleventh embodiment was explained, the present 
invention is not limited to the above. Like the aforementioned first 
to tenth embodiments, various modifications can be made as follows. 
[0514] (1) In the eleventh embodiment, although the pair of 

expansion clamps 66 and 66 are brought into contact with the positions 
to be supported at the time of using the tubular body, they can be 
brought into contact with any other positions within the internal 
peripheral surface of the tubular body. It is preferably the vicinity 
of the portion to be supported since there is a high possibility that 
the portion to be supported and the vicinity thereof resemble in 
cross-sectional shape . 

[0515] (2) In the aforementioned eleventh embodiment, although 
the shape measurement was performed with the axial direction of the 
tubular body 10 placed nearly horizontally, the measurement can be 
performed with the axial direction of the tubular body 10 placed nearly 
vertically. This decreases the deflection of the tubular body 10 due 
to its own weight, enabling an accurate shape measurement of the 
tubular body 10. 

[0516] (3) In the eleventh embodiment, the displacement of the 
external peripheral surface was detected at plural cross -sections 
(axial positions) of the tubular body 10 by disposing one displacement 
detecting device 30 at each of the plural cross-sections. However, 
at one or plural cross -sections , a plurality of displacement detecting 
devices 30 can be placed to detect a plurality of displacements at 
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a single cross-section. In this case, from the plural detected 
displacements at one cross-section, it becomes possible to grasp the 
cross -sectional shape more precisely. 

[0517] Furthermore, as shown in Fig. 53, in the case in which the 
displacements of the external peripheral surface are detected at two 
positions 31, 32, 33 and 34 ( opposing positions ) of any cross-section 
(axial position) of the tubular body 10 different in circumferential 
position by a half circumferential length, the diameter of the 
cross -section of the tubular body 10 can be directly obtained. That 
is, in the case in which the tubular body 10 is rotated about the 
central axis of the expansion clamps 66 and 66 with the tubular body 
10 supported by the expansion clamps 66 and 66, it is theoretically 
possible to obtain the diameter of the tubular body 10 by adding the 
displacement amount at the positions different in rotational angle 
by 180 degree from the detected displacements of the single 
displacement detecting device 30. However, the theoretical diameter 
accuracy will be affected by the control of the rotational angle of 
the tubular body 10 and/or the accuracy of the rotational angle thereof . 
To the contrary, when the displacements of the external peripheral 
surface are detected at positions different in circumferential 
position by a half circumference length, the diameter of the tubular 
body 10 can be obtained by comparing two displacements at each instance 
of the shape measurement. Therefore, the diameter will not be 
affected by the rotational angle of the tubular body 10. Accordingly, 
an accurate diameter can be easily obtained without being affected 
by the accuracy of the rotational angle of the tubular body 10. 
[0518] (4) In the aforementioned eleventh embodiment, although 
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a plurality of detecting positions for a displacement of the external 
peripheral surface of the tubular body 10 are provided, at least one 
detecting position can be provided. 

[0519] (5) In the aforementioned embodiment, although a 

photosensitive drum substrate is exemplified as a tubular body 10 
to be subjected to the shape measurement, the present invention is 
not limited to this, but can also be applied to a carrying roller, 
a developing roller , a transferring roller for use in copying machines , 
etc. Furthermore, any other tubular bodies can be a measuring object 
of the present invention. 

[0520] ( 6 ) In the aforementioned eleventh embodiment , the tubular 
body 10 is expanded to the same degree as in the actual use by using 
the pair of expansion clamps 66 and 66. However, the expansion of 
the tubular body 10 by the expansion clamp 66 can be smaller than 
the expansion of the tubular body 10 at the time of the use. In this 
case, only the expansion smaller than the expansion at the time of 
actually using the tubular body 10 is made while attaining the 
supporting state similar to the supporting state in which flanges 
80 and 80 are inserted into the vicinities of the end portions of 
the tubular body 10 at the time of the actual use. Therefore, the 
influence given to the tubular body 10 at the time of using the tubular 
body 10 can be decreased. 

[0521] Especially in the case where the tubular body 10 is 

plastically deformed by being inserted by the flanges 66 and 66 at 
the time of the actual use, when the pair of the expansion clamps 
20 and 20 only give a deformation within the elastic deformation region 
at the time of the shape measurement, the same shape as the original 
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shape before the shape measurement can be maintained even after the 
shape measurement of the tubular body. 

[0522] (7) In the aforementioned eleventh embodiment, pressing 
force similar to the pressing force applied to the tubular body 10 
when the flanges 80 and 80 are forcibly inserted into the tubular 
body 10 is applied by the pair of the expansion clamps 66 and 66. 
However, the pressing force to be applied to the tubular body 10 by 
the pair of expansion clamps 66 and 66 can be smaller than the expanding 
pressing force applied to the tubular body 10 at the time of using 
the tubular body 10. In this case, only the expansion smaller than 
the expansion at the time of actually using the tubular body 10 is 
generated while attaining the supporting state similar to the 
supporting state in which flanges 80 and 80 are inserted into the 
vicinities of the end portions of the tubular body 10 at the time 
of the actual use. Therefore, the influence given to the tubular body 
10 at the time of using the tubular body 10 can be decreased. 
[0523] (8) In the eleventh embodiment, the structure in which the 
expansion ring is expanded by the fluid pressure as an operation oil 
is exemplified. However, it is not limited to fluid pressure in this 
invention. The driving mechanism to cause the expansion can be any 
mechanism capable of obtaining pressing force when clamped. As a 
driving mechanism to cause the expansion, any mechanism in which 
material consisting of the expansion clamp changes in volume and the 
changing amount can be controlled by temperature, electricity, etc. 
For example, an expanding portion provided in an expansion clamp is 
heated to be thermally expanded to thereby cause the expansion clamp 
to be brought into contact with the internal peripheral surface of 
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the tubular body with this expansion force, or further cause the 
tubular body to be expanded. Alternatively, the so-called piezo- 
actuator utilizing a material that will be expanded by applying 
electricity can be employed to cause the expansion clamp to be brought 
into contact with the internal peripheral surface, or further cause 
the tubular body to be expanded. 

[ Twelf th embodiment ] 

[0524] Next, a tubular body inspecting apparatus according to the 
present invention will be explained. 

[0525] Fig. 54 is a functional block diagram showing the structure 
of the inspecting apparatus 71. 

[0526] This inspecting apparatus 71 is equipped with an automatic 
shape measuring apparatus 5 according to the second embodiment among 
the aforementioned embodiments, a deflection amount calculating 
portion 711 for calculating the deflection amount of the external 
peripheral surface 12 from the displacement data of the external 
peripheral surface 12 detected by the shape measuring apparatus 5, 
an allowable range storing portion 712 for setting and storing the 
allowable range of the deflection of the external peripheral surface 
of the tubular body 10, a comparing portion 713 for discriminating 
whether the deflection amount of the tubular body 10 calculated by 
the deflection amount calculating portion 711, and an outputting 
portion 714 for outputting the inspected result. 

[0527] The shape measuring apparatus is not limited to the 

aforementioned second embodiment, and can be any one of another 
embodiments or its modification. 
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[0528] Concretely, the deflection amount calculating portion 711, 
the allowable range storing portion 712, the comparing portion 713 
and the outputting portion 714 are comprised of software and hardware 
performing each function in a sequencer, etc., consisting of a 
computer. 

[0529] The deflection amounts treated in the deflection amount 
calculating portion 711, the allowable region storing portion 712 
and the comparing portion 713 can be the deflection amounts at all 
five portions or some of them in the case where the displacements 
of the external peripheral surface 12 at the five portions (five 
cross - sections ) in the axial direction of the tubular body 10 are 
detected by the shape measuring apparatus 5 for example. 
[0530] Furthermore, even in the case where deflection amounts of 
plural portions (e.g., five portions) are used, the acceptable 
condition of the final inspection can be that each of all the 
deflection amounts fall within the predetermined allowable range or 
that the combination of the deflection amounts at plural portions 
falls within the predetermined allowable range. The example of the 
combination of the deflection amounts is that each of the deflection 
amount at the plural portions falls within the predetermined range 
and the total of these deflection amounts fall within the 
predetermined range . 

[0531] In this embodiment, the calculating means for processing 
the raw data of the displacement of the external peripheral surface 
of the tubular body 10 detected by the shape measuring apparatus 5 
and calculating the index value or the like showing the shape of the 
tubular body 10 such as a deflection amount of the external peripheral 
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surface is set outside the shape measuring apparatus 5. However, the 
shape measuring apparatus 5 can be provided with such a calculating 
means. Furthermore, the shape measuring apparatus 5 can have an 
outputting means for outputting the calculated result. 

[ Thirteen embodiment ] 

[0532] Next, a tubular body manufacturing system according to the 
present invention will be explained. 

[0533] Fig. 55 is a functional block showing the structure of the 
manufacturing system 72. 

[0534] This manufacturing system 72 is provided with a tube 

manufacturing apparatus 721 for manufacturing a tubular body 10, the 
aforementioned inspecting apparatus 71 and a judging portion 722 for 
judging whether the tubular body 10 is a completed item based on the 
inspection result of the inspecting apparatus 71. 

[0535] The tube manufacturing apparatus 721 is an apparatus for 
manufacturing a tube by combining the extruding and drawing of a 
photosensitive drum substrate. Concretely, in the case of 
manufacturing an aluminum alloy photosensitive drum, the apparatus 
is constituted as an assembly of mechanical devices for carrying a 
step of manufacturing extruding material by dissolving raw materials , 
an extruding step, a drawing step, a correcting step, a cutting step 
for cutting into a predetermined length, a washing step, etc. The 
manufacturing apparatus 7 21 is not limited to the above as long as 
it can manufacture a tubular body, and can be any apparatus capable 
of manufacturing a tubular body by a cutting operation. 
[0536] The tubular body 10 manufactured as mentioned above is 
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inspected whether the shape is in a predetermined allowable range. 
Based on the inspection result, the judging portion 722 judges the 
tubular body 10 as a completed item if it falls within the 
predetermined allowable range, 

[0537] It is preferable that the manufacturing system 72 is 

provided with an automatic carrying apparatus for automatically 
carrying the tubular body 10 from the tube manufacturing apparatus 
721 to the shape measuring apparatus 5 of the inspecting apparatus 
71. 

[0538] Furthermore, it is preferable that the manufacturing system 
72 is provided with a carrying apparatus for carrying the completed 
item judged as an accepted product by the judging portion 722 and 
the possible defect product to different places. 

[0539] Furthermore, in the tubular body shape measuring apparatus 
5 equipped in the inspecting apparatus 71, it is preferable to equip 
a feedback function for feeding the discrimination of the type or 
feature of the defect generated in the tubular body 10 back to the 
tube manufacturing apparatus 721 to prevent the generation of a 
defected product . 

[Supplementary explanation] 

[0540] Although the present invention was explained with reference 
to each embodiment, the preferable structure regarding the ninth 
embodiment can be exemplified as follows. 

[0541] In the tubular body shape measuring method, it is preferable 
that three or more correcting rollers are brought into contact with 
each end portion of the tubular body. In this case, the shape of the 
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end portion of the tubular body can be corrected while holding the 
tubular body in a stable manner. 

[0542] Furthermore, in the tubular body shape measuring method, 
it is preferable that the correcting rollers include an inner 
correcting roller coming into contact with the internal peripheral 
surface of the tubular body 1 and an outer correcting roller coming 
into contact with the external peripheral surface of the tubular body. 
In this case, the tubular body can be stably supported by being pinched 
by and between from the inside and outside of the tubular body, and 
that correcting rollers can be disposed closely with each other . Thus , 
plural correcting rollers can be firmly positioned to thereby enable 
accurate correcting of each end portion of the tubular body. 
[0543] In the tubular body shape measuring method, it is preferable 
that the inner correcting rollers can be slid in the axial direction 
of the tubular body to be positioned outside the tubular body from 
the end portion of the tubular body when the tubular body is carried 
in and out of the shape measuring position. In this case, by moving 
the inner correcting rollers in the axially outward direction at the 
time of setting the tubular body, the tubular body can be set to the 
shape measuring position without moving the tubular body in the axial 
direction thereof . 

[0544] Furthermore, in the tubular body shape measuring method, 
it is preferable that the inner correcting roller and the outer 
correcting roller are moved so as to be away from each other before 
and after measuring the shape of the tubular body. In this case, at 
the time of setting the tubular body, the tubular body is not pinched 
by and between the inner correcting roller and the outer correcting 
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roller, enabling an easy setting of the tubular body into the shape 
measuring position. 

[0545] In the tubular body shape measuring method, it is preferable 
that the inner correcting roller and the outer correcting roller come 
into contact with the internal peripheral surface and the external 
peripheral surface of the tubular body at different circumferential 
positions. In this case, correcting force can be effectively applied 
to the circumferential position of the tubular body pinched by and 
between the inner correcting roller and the outer correcting roller. 
[0546] In the tubular body shape measuring method, it is preferable 
that two or more outer correcting rollers are positioned at each end 
portion of the tubular body. In this case, since the tubular body 
can be supported by two or more outer correcting rollers, the posture 
of the tubular body can be stabilized. 

[0547] In the tubular body shape measuring method, it is preferable 
that two or more outer correcting rollers come into contact with the 
lower side of the tubular body. In this case, the outer correcting 
rollers below the tubular body can be utilized as a provisional 
platform for temporarily supporting the tubular body before and after 
the setting of the tubular body to the shape measuring position. 
[0548] Furthermore, in the tubular body shape measuring method, 
it is preferable that the correcting rollers are fixed to 
predetermined positions respectively in the state in which the 
cross -sectional shape of the end portions of the tubular body are 
temporarily being corrected. 

[0549] Furthermore, in the tubular body shape measuring method, 
it is preferable that the correcting rollers are fixed to the positions 
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where they just come into contact with the internal peripheral surface 
and the external peripheral surface of the tubular body, provided 
that the cross- sectional shape of each end portion of the tubular 
body is appropriate. In this case, the end portion of the tubular 
body can be corrected into an appropriate shape easily and assuredly 
without performing complex controls or the like. 

[0550] Furthermore, in the tubular body shape measuring method, 
it is preferable that at least one of the correcting rollers applies 
a pressing force against the tubular body. In this case, correcting 
flexibility can be obtained. Therefore, it becomes possible to 
perform an appropriate correcting depending concrete tubular body 
shape . 

[0551] Furthermore, in the tubular body shape measuring method, 
it is preferable that the pressing force applied to the correcting 
rollers is changed depending on the rotational phase of the tubular 
body. In this case, correcting force depending on the shape at each 
circumferential position of the tubular body can be applied, enabling 
more appropriate correcting operation. 

[0552] Furthermore, in the tubular body shape measuring method, 
it is preferable that, in a state in which the tubular body is being 
rotated with the cross-sectional shape of the end portion being 
temporarily corrected, the cross -sectional shape of the end portion 
is detected and pressing force applying to the correcting rollers 
is changed depending on the cross-sectional shape of the end portion. 
In this case, since the cross-sectional shape of the end portion of 
the tubular body is detected, an appropriate correcting operation 
can be performed by applying correcting force depending on the 
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cross-sectional shape of the tubule body based on the detected result . 
[0553] Furthermore, in the tubular body shape measuring method, 
it is preferable that at least one of the correcting rollers is fixed 
to a predetermined position in a state in which the cross -sectional 
shape of the end portion of the tubular body is being temporarily 
corrected. In this case, since the correcting roller fixed to the 
predetermined position can be used as a reference of the shape 
measurement of the tubular body, accurate shape measurement can be 
attained. 

[0554] Furthermore, in the tubular body shape measuring method, 
the deformation by the temporary correcting to the end portion of 
the tubular body can be performed within the elastic deforming region 
of the tubular body. In this case, the deformation of the tubular 
body during the shape measurement returns to the original shape, 
effects to the tubular body by the shape measurement can be minimized 
assuredly. 

[0555] Furthermore, in the tubular body shape measuring method, 
the deformation by the temporary correction to the end portion of 
the tubular body can be made so as to reach the plastic deformation 
region. In this case, the cross-sectional shape of the end portion 
of the tubular body can be corrected assuredly into an appropriate 
shape regardless whether the deformation of the end portion of the 
tubular body has reached the plastic deformation region, enabling 
more accurate shape measurement . 

[0556] Furthermore, in the tubular body shape measuring method, 
it is preferable that at least one of the correcting rollers is 
rotatably driven. In this case, the correcting roller functions as 
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a means for rotating the tubular body, minimizing the number of members 
which come into contact with the tubular body* This eliminates error 
factors to contribute to accurate shape measurement, resulting in 
high reliability in shape measurement, and also can decrease the 
possibility of damages to the tubular body. 

[0557] Furthermore, in the tubular body shape measuring method, 
it is preferable that the rotational driving of the correcting roller 
is performed by a single rotational driving source. In this case, 
it becomes possible to restrain irregular rotation which may be 
generated when a plurality of rotational driving sources are employed 
and simplify the rotational control, resulting in high reliable shape 
measurement . 

[0558] Furthermore, in the tubular body shape measuring method, 
it is preferable that the detecting positions for displacement include 
a plurality of positions outside the tubular body. In this case, the 
deflection of the external peripheral surface can be measured at 
plural positions at the outside of the tubular body. By combining 
the measured results, the shape of the tubular body can be recognized 
more concretely. 

[0559] Furthermore, in the tubular body shape measuring method, 
it is preferable that the detecting positions for displacement include 
a plurality of positions different in axial position of the tubular 
body. In this case, the deflection of the external peripheral surface 
can be measured at plural positions different in axial position of 
the tubular body. By combining the measured results, the change of 
the shape in the axial direction of the tubular body can be recognized. 
[0560] Furthermore, in the tubular body shape measuring method. 
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it is preferable that the detecting positions for displacement include 
a plurality of positions same in axial position of the tubular body- 
but different in circumferential position. In this case, by 
combining the measured displacement amounts detected at these plural 
positions, the cross-sectional shape at the axial position can be 
recognized more concretely. 

[0561] Furthermore, in the tubular body shape measuring method, 
it is preferable that the detecting positions for displacement include 
two positions same in axial position of the tubular body but different 
in circumferential position by a half circumferential length. In 
this case, by combining the measured displacement amounts detected 
at these two positions, the diameter passing these two positions can 
be obtained. Thus, the shape of the tubular element can be recognized 
more concretely. 

[0562] Furthermore, in the tubular body shape measuring method, 
it is preferable that the number of the rotation of the tubular body 
is one or more. In this case, the entire circumferential shape of 
the tubular body can be detected. 

[0563] Furthermore, in the tubular body shape measuring method, 
the detection of the displacement can be performed continuously during 
the entire period or a part of the period for rotating the tubular 
body. In this case, a partial shape change in the circumferential 
direction of the tubular body can also be detected. 
[0564] Furthermore, in the tubular body shape measuring method, 
the detection of the displacement can be performed intermittently 
during the period for rotating the tubular body. In this case, the 
displacement of the external peripheral surface of the tubular body 
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can be easily detected, 

[0565] Furthermore, in the tubular body shape measuring method, 
the rotation of the tubular body is intermittently stopped and the 
detection of the displacement can be performed when the rotation of 
the tubular body is stopped. In this case, the displacement of the 
external peripheral surface of the tubular body can be easily 
detected, 

[0566] Furthermore, in the tubular body shape measuring method, 
the detection of the displacement can be performed by using a detecting 
device which comes into contact with the external peripheral surface 
of the tubular body. In this case, the displacement of the external 
peripheral surface of the tubular body can be easily detected. 
[0567] Furthermore, in the tubular body shape measuring method, 
it is preferable that the detection of the displacement can be 
performed by using a detecting device which does not come into contact 
with the external peripheral surface of the tubular body. In this 
case, the displacement of the external peripheral surface of the 
tubular body can be detected without harming the external peripheral 
surface of the tubular body. 

[0568] Furthermore, in the tubular body shape measuring method, 
it is preferable that the detection of the displacement is performed 
by irradiating light against the tubular body from the outside thereof 
and detecting the light passed over the tubular body. In this case, 
the displacement of the external peripheral surface of the tubular 
body can be detected easily and accurately. 

[0569] The preferable structures relating to the eleventh 

embodiment can be exemplified as follows. 
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[0570] It is preferable that the pair of expansion clamps come into 
contact the positions to be supported at the time of using the tubular 
body. In this case, the shape measurement can be performed as a 
reference which is a reference of the rotational operation at the 
time of the actual use. Accordingly, the measurement under the 
conditions closer to the actual conditions can be performed. 
[0571] It is preferable that each expansion clamp comes into 

face-contact with the entire circumference of the internal peripheral 
surface of the tubular body with a predetermined contact width. In 
this case, it is prevented the tubular body from being deformed into 
a shape different from the shape in the actual use due to a partial 
contact of the expansion clamp against the internal peripheral surface 
of the tubular body, contributing accurate shape measurement. 
Furthermore, since no inappropriate deformation will be given to the 
tubular body, it becomes possible to bring the expansion clamp into 
contact with the internal peripheral surface of the tubular body with 
larger pressing force. 

[0572] It is preferable that the pair of expansion clamps press 
radially outwardly against the entire circumference of the internal 
peripheral surface of the tubular body. In this case, the pair of 
expansion clamps can be assuredly brought into contact with the 
internal surface of the tubular body, assuredly realizing a state 
close to the rotational state at the time of the actual use. 
[0573] Furthermore, it is preferable that the pair of expansion 
clamps deform the tubular body outwardly by pressing the internal 
peripheral surface of the tubular body outwardly. In this case, the 
supporting state closer to the supporting state at the time of actually 
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using the tubular body 10 to which flanges are inserted into the 
vicinity of the end portions of the tubular body can be realized, 
which in turn can attain the rotating state closer to the rotating 
state in the actual use. Accordingly, by detecting the radial 
displacement of the external peripheral surface of the tubular body 
in this state, the deflection caused at the time of the actual use 
can be more accurately detected. 

[0574] It is preferable that the deformation of the tubular body 
due to the pair of the expansion clamps is approximately the same 
as the deformation at the time of actually using the tubular body. 
In this case, the supporting state more closer to the supporting state 
in which flanges are inserted into the end portions of the tubular 
body at the time of using the tubular body 10. This can attain the 
state more closer to the rotating state in the actual use . Accordingly , 
by detecting the radial displacement of the external peripheral 
surface of the tubular body in this state, the deflection caused at 
the time of the actual use can be more accurately detected. 
[0575] It is preferable that the pressing force of the expansion 
clamp pressing the internal peripheral surface of the tubular body 
is set to be approximately the same as the expanding pressing force 
applied to the tubular body at the time of using the tubular body. 
This can attain the supporting state more closer to the supporting 
state at the time of actually using the tubular body to which flanges 
are inserted into the vicinity of the end portions of the tubular 
body at the time of using the tubular body, which in turn can attain 
the rotating state closer to the rotating state in the actual use. 
Accordingly, by detecting the radial displacement of the external 
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peripheral surface of the tubular body in this state, the deflection 
caused at the time of the actual use can be more accurately detected, 
[0576] Furthermore, it is preferable that the deformation of the 
tubular body by the expansion clamp is smaller than that at the time 
of using the tubular body. In this case, the supporting state closer 
to the supporting state in which flanges are inserted into the end 
portions of the tubular body at the time of using the tubular body 
can be attained. This can attain the state more closer to the rotating 
state in the actual use. Accordingly, by detecting the radial 
displacement of the external peripheral surface of the tubular body 
in this state, the deflection caused at the time of the actual use 
can be more accurately detected. Furthermore, since the deformation 
is smaller that the deformation at the time of the actual use, 
influences to the tubular body due to the shape measurement can be 
decreased. 

[0577] Furthermore, it is preferable to set the pressing force of 
the expansion clamp pressing against the internal peripheral surface 
of the tubular body to be smaller than the tube expanding pressure 
applied to the tubular body at the time of using the tubular body. 
In this case, the supporting state closer to the supporting state 
in which flanges are inserted into the end portions of the tubular 
body at the time of using the tubular body can be attained. This can 
attain a rotating state more closer to the rotating state at the time 
of the actual use. Accordingly, by detecting the radial displacement 
of the external peripheral surface of the tubular body in this state, 
the deflection caused at the time of the actual use can be more 
accurately detected. Furthermore, since the deformation is smaller 
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that the deformation at the time of the actual use, influences to 
the tubular body due to the shape measurement can be decreased. 
[0578] Furthermore, it is preferable that the tube deformation by 
the expansion clamp is performed within the elastic deformation region 
of the tubular body. In this case, the deformation of the tubular 
body during the shape measurement returns to the original shape, 
influences to the tubular body due to the shape measurement can be 
decreased assuredly. 

[0579] Furthermore, it is preferable that the tube deformation by 
the expansion clamp is performed until it reaches the elastic 
deformation region of the tubular body. In this case, even in cases 
where a tube deformation reaching plastic deformation is given at 
the time of the actual use, an appropriate deformation for the shape 
measurement can be given to the tubular body depending in the degree 
of the actual deformation. 

[0580] Furthermore, it is preferable that the expansion clamp is 
configured to be expanded by fluid pressure. In this case, large 
enough expanding force approximately even in the circumferential 
direction can be obtained, causing the clamp to be brought into contact 
with the internal peripheral surface of the tubular body. Further, 
sufficient pressing force against the internal peripheral surface 
of the tubular body can be obtained. 

[0581] Furthermore, it is preferable that the expansion ring is 
provided with an elastic expansion ring to be radially outwardly 
expanded by fluid pressure so as to be brought into contact with the 
internal peripheral surface of the tubular body. In this case, large 
enough expanding force approximately even in the circumferential 
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direction can be obtained, causing the clamp to be brought into contact 
with the internal peripheral surface of the tubular body. Further, 
sufficient pressing force against the internal peripheral surface 
of the tubular body can be obtained. 

[0582] Furthermore, it is preferable that the pair of expansion 
clamps are disposed horizontally. In this case, the tubular body 
takes a posture with the axial direction approximately horizontal, 
and therefore measured result close to that in the use can be obtained 
in the case where the tubular body is used in this posture, 
[0583] Furthermore, it is preferable that the pair of expansion 
clamps are disposed vertically. In this case, it is prevented the 
axial central portion of the tubular body from being bent due to 
gravity, enabling the original shape to be measured. 
[0584] Furthermore, it is preferable that the detecting positions 
for the displacement include a position other than the positions 
facing off against the expansion clamps from the outside of the tubular 
body. In this case, the displacement of the external peripheral 
surface considering thickness of the tubular body can be measured. 
[0585] Furthermore, it is preferable that the detecting positions 
for displacement include a plurality of positions outside the tubular 
body. In this case, the deflection of the external peripheral surface 
can be measured at plural positions at the outside of the tubular 
body. By combining the measured results, the shape of the tubular 
body can be recognized more concretely. 

[0586] Furthermore, it is preferable that the detecting positions 
for displacement include a plurality of positions different in axial 
position of the tubular body. In this case, the deflection of the 
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external peripheral surface can be measured at plural positions 
different in axial position of the tubular body. By combining the 
measured results, the change of the shape in the axial direction of 
the tubular body can be recognized. 

[0587] Furthermore, it is preferable that the detecting positions 
for displacement include a plurality of positions same in axial 
position of the tubular body but different in circumferential position . 
In this case, by combining the measured displacement amounts detected 
at these plural positions, the cross-sectional shape at the axial 
position can be recognized more concretely. 

[0588] Furthermore, in the tubular body shape measuring method, 
it is preferable that the detecting positions for displacement include 
two positions same in axial position of the tubular body but different 
in circumferential position by a half circumferential length. In 
this case, by combining the measured displacement amounts detected 
at these two positions, the diameter passing these two positions can 
be obtained. Thus, the shape of the tubular element can be recognized 
more concretely. 

[0589] Furthermore, it is preferable that the detecting positions 
for displacement include an outside position of the tubular body 
facing off against at least one of the pair of expansion clamps. In 
this case, the thickness of the tubular body contacting the expansion 
clamp can be detected. By combining this thickness with the detected 
results at another detecting positions, more concrete tubular body 
shape can be obtained. For example it is possible to calculate 
inspection results in accordance with a conventional inspection in 
which the displacement of the external peripheral surface of another 
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portions with respect to the external peripheral surface at the 
vicinities of the end portions of the tubular body as a reference. 
[0590] Furthermore, in the tubular body shape measuring method, 
it is preferable that the number of the rotation of the tubular body 
is one or more. In this case, the entire circumferential shape of 
the tubular body can be detected. 

[0591] Furthermore, in the tubular body shape measuring method, 
the detection of the displacement can be performed continuously during 
the entire period or a part of the period for rotating the tubular 
body. In this case, a partial shape change in the circumferential 
direction of the tubular body can also be detected. 
[0592] Furthermore, in the tubular body shape measuring method, 
the detection of the displacement can be performed intermittently 
during the period for rotating the tubular body. In this case, the 
displacement of the external peripheral surface of the tubular body 
can be easily detected. 

[0593] Furthermore, the rotation of the tubular body is 

intermittently stopped and the detection of the displacement can be 
performed when the rotation of the tubular body is stopped. In this 
case, the displacement of the external peripheral surface of the 
tubular body can be easily detected. 

[0594] Furthermore, the detection of the displacement can be 

performed by using a detecting device which comes into contact with 
the external peripheral surface of the tubular body. In this case, 
the displacement of the external peripheral surface of the tubular 
body can be easily detected. 

[0595] Furthermore, it is preferable that the detection of the 
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displacement can be performed by using a detecting device which does 
not come into contact with the external peripheral surface of the 
tubular body. In this case, the displacement of the external 
peripheral surface of the tubular body can be detected without harming 
the external peripheral surface of the tubular body. 
[0596] Furthermore, it is preferable that the detection of the 
displacement is performed by irradiating light against the tubular 
body from the outside thereof and detecting the light passed over 
the tubular body. In this case, the displacement of the external 
peripheral surface of the tubular body can be detected easily and 
accurately. 



162 



